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When gazing at the stars and contemplating the hugeness of 
- space it's acommon thought to wonder if humanity is alone 


in the universe or whether intelligent life exists elsewhere. 


, Indeed, the subject attracts a diverse range of parties and views » 


and this issue we've gathered who we believe to be the five 


’ most important people currently hunting for PN arlReCecineel ce 


Whetherit's looking for habitable planets or deciphering possible 


interstellar messages, discover how close the O4T Sas from NASA — 


and SETI are to finding alien life on page 52. 


Proving the existence of extraterrestrials would Rete 
- be the most groundbreaking discovery in history and one day 
we'd love to include it in our roundup of the most amazing 
space discoveries of all time. Until then, there's still plenty of 
wonderment to be had and ort! can read our current list of 
the achievements that shaped alenarclei Laie DSL 


of the universe on page 16. 


Many important space eieena ter have been made ae 


amateur astronomers and if you've recently been iToeyecel 


Moonee ar Guan SPA or sae au, 0) gi (30: 


ey O'Callaghan Giles Sparrow 
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some pioneers anarticle on 

in the hunt for the physical 

=) (Sian IcSalele possibility of 
our ur fascinating cover feature — faster than light travel, see 
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# Visit us for up-to-date news and more 


_ tolook to the stars for yourself then who better than Mark 

‘Thompson from the BBC's Stargazing Live to offer some 
advice. Head over to the interview on page 90. We'd love to. 
_ hear about your adventures in astronomy, so be sure to get in oh | 
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Shanna Freeman 
continues 
her journey 


| ER chaats 
Voyager | 
b)xe)b\=es ale] 81N 
to the outer 
reaches of the Solar System, 
explaining all about Neptune 
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them this issue. No easy task, 
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The angel of the cosmos *. . 


Ui stunning image shows the bipolar star-forming region known > * 

FIs) ners aos 2-106, which looks like a giant angel soaring across the . er 

cosmos. Twin lobes of super-hot gas, glowing blue in this image, stretch DI 

eT Melo Rice hy en te RS enol cele Ao moe . 

angel. A ring of dust and gas orbiting the star acts like a belt, cinching the 

expanding nebula into an ‘hourglass’ shape. . y « 
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Spacecraft 


With an ion drive already successfully 
propelling the Dawn spacecraft 
towards Vesta and Ceres, NASA is 
already powering on to the next 
generation of super-high-tech ion 
drives. The one pictured here is 
NASA's Evolutionary Xenon Thruster 
(NEXT) project, a seven-kilowatt 

ion thruster that can provide the 
capabilities needed for spacecraft of 
the future. The NEXT thruster has 
operated for over 43,000 hours, 
demonstrating the ability to allow 
spacecraft to conduct extended tours 
of comets, asteroids, outer planets 
and their moons. 
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sWatepeneve)sl 
that's 40% 
empty space 


This moon of Saturn has a density so 
low that it has often been thought 
to house a vast system of caverns. 
The Cassini spacecraft swooped in 
low towards the end of last year for 
a Closer look and found a remarkable 
world of craters at the bottom of 
which lies an unknown dark material 
only tens of metres thick in some 
places. These findings also indicated 
that 40 per cent of the moon is, in ! 
fact, empty space. ' ye 


_ Tapidly 
4p 1ereniare 
Stellar 
Spare tyre 


Not all nebulas can be named 
after swans and angels and 
the planetary nebula IC 5148 
drew the short straw when 
astronomers dubbed it the 
‘Spare Tyre’ due to its ring of 
Markee) eel aCe e-layer ea 
the middle of a central hole. 
The Spare Tyre is over two 
light years wide and one of the 
fastest expanding planetary 
nebulas around, growing at a 
rate of over 50 kilometres per 
second (31 miles per second). 
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- Stunning star trails over ALMA 


This amazing image shows the trail made by stars of the southern hemisphere over the Atacama 
Large Millimeter/submillimeter Array on the Chajnantor Plateau in the Chilean Andes. Using long 
exposure, the photographer can demonstrate the rotation of the Earth as the stars appear to 
move in circles around the south celestial pole which lies in the dim constellation of Octans. If the 
exposure is long enough the stars mark out circular trails as they move. 
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Asteroid's disastrous collision with 
Earth no longer on the cards 


The most dangerous asteroid 
discovered yet looks like it's not going 
to impact Earth after all - but if it did it 
would create a bigger crater. 

In 2004, astronomers discovered 
Apophis and initially deemed it 
to have a 2.7 per cent chance of 
slamming catastrophically into Earth 
in 2029, when it flies within 36,000 
kilometres (22,000 miles) of Earth, 
inside the ring of geostationary 
satellites. That danger was quickly 
ruled out as its orbit was plotted 
more precisely, but a further menace 
lurked in the future; if during the 2029 
encounter Apophis flew through a 
particular position in space known as 
a gravitational keyhole, where Earth's 
gravity could perturb its orbit, there 
was a slim chance that the asteroid 
would hit Earth on 13 April 2036. 

However, over the new year 
Apophis came close enough, 14.5 
million kilometres (9 million miles), for 
telescopes to get a good look at it. The 
Goldstone radar in California has been 
able to make measurements allowing 
its orbit to be calculated with more 
precision, suggesting that the closest it 
will come to Earth in 2036 will be 14 
million kilometres (8.7 million miles). 
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The European Space Agency's 
Herschel Space Telescope also took 
the opportunity to observe Apophis 
in January 2013. Herschel was able to 
detect the thermal emission from the 
asteroid - the amount of infrared light 
emitted as heat at different infrared 
wavelengths. The level of infrared 
light radiated by the giant space rock 
assisted astronomers in determining 
how big Apophis is. Prior estimates 
suggested it was 270 metres (885 
feet) across, whereas the Herschel 
observations indicate a diameter of 
325 metres (1,065 feet). It's a good job 
Apophis isn't going to crash into Earth 
- the extra 55 metres (180 feet) would 
dramatically increase the damage it 
could have caused, either by carving 
out a bigger crater on land or by 
creating a larger tidal wave were it to 
slam into the sea. NASA has estimated 
that if Apophis ever did collide with 
Earth, it would do so with the force of 
around 500 megatons, ten times the 
energy of the largest nuclear bomb 
ever detonated. 

Another important observation 
made by Herschel was how reflective 
the asteroid is. It measured Apophis 
reflecting 23 per cent of sunlight that 


Pal 


falls on it, as opposed to the previous 
estimate of 33 per cent reflectivity. The 
reason this is important is because 
the way in which the asteroid heats 
up in sunlight and then cools down 
by radiating energy in infrared as it 
rotates can affect its orbit through 
something called the Yarkovsky effect. 
Having a greater understanding of the 
thermal properties of the asteroid will 
allow astronomers to better calculate 
its true orbit. Furthermore, if Apophis 
or any other asteroid were to be found 
to be on a collision course, we could 
potentially use the Yarkovsky effect to 





Collision ® 


An impact with 
Earth is unlikely. 
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deflect it, by splashing its surface with 
highly reflective paint fired in capsules 
from a spacecraft. 

Despite being shown to be safe, 
Apophis still holds a great deal of 
interest to astronomers. “Although 
Apophis initially caught public interest 
as a possible Earth impactor, which 
is now considered highly improbable 
for the foreseeable future, it is of 
considerable interest in its own right, 
and as an example of the class of near- 
Earth objects,” says Goran Pilbratt, who 
is the Herschel Project Scientist at the 
European Space Agency. @ 


@ Earth 


Mars @ 
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ISS set to triple 
in size with new 
inflatable extension 


Will NASA‘s plans to launch inflatable 
habitats be the way forward for 
research and living in space? 


Commercial Las Vegas spaceflight 
company Bigelow Aerospace is set to 
build an inflatable module for the ISS 
costing $17.8 million (£11.2 million), 
bringing us closer to creating private 
stations in Earth-orbit. The new 
project is set to take a step in the right 
direction for plans to have humans 
living on the Moon by 2025 and 
assist in a variety of other goals, from 
research to space tourism. 

NASA, who has decided to buy 
the so-called Bigelow Expandable 
Activity Module (BEAM), is looking to 
affix the new technology to the giant 
orbiting lab, tripling its size. At 330 
cubic metres (11,650 cubic feet), BEAM 
will spread out in a large volume 
surpassing the narrow corridors that 
can be found on the ISS, allowing not 
just for greater flexibility, but also more 
room for conducting experiments. 

It is planned that the new 
pressurised modules will be launched 
in a compact form before inflating 
upon reaching space and will protect 
its residents from the bombardment of 
space rock and radiation. 

“You could think of these inflatable 
modules as a big spacesuit,” says 
Gary Spexarth of the Structures and 
Mechanics Division at NASA Johnson 
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Space Center. “The fabric is extremely 
tough and durable, but also designed 
to be as lightweight as possible. 
Unlike rigid metallic structures 
that can shatter or bend if hit by a 
micrometeorite, flexible material is 
able to recover to a certain extent.” 
BEAM is tipped to outlive the ISS, 
which is currently budgeted to run 
until 2020, meaning that during its 
lifetime the next generation of space 
stations will supplant its role as the 
one permanent human settlement 
outside of the atmosphere. @ 


“The new 
project is set 
to take a step 
in the right 
direction for 

lans to have 

umans living 
on the Moon 
by 2025" 
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BEAM has a volume 
of 330 cubic metres 
(11,650 cubic feet) 
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could get 
its own 
moon 


An asteroid could be captured 
and dragged into orbit around 
our Moon, should NASA favour 
a new proposal from Californian 
scientists that seeks to prepare 
astronauts for the ultimate 
voyage to Mars. 

The plan has been put forward 
by a team at the Keck Institute 
for Space Studies and would 
see a robotic ‘craft fly out from 
Earth to rendezvous with a 7m 
(23ft) wide near Earth asteroid. 
Snaring the asteroid in a 10x15m 
(33x49ft) net, the ship would 
drag the asteroid into high orbit 
over the Moon by 2025, where it 
could be studied by astronauts. 
It could also be mined for water, 
volatiles and propellants, while 
asteroid debris from the mining 
could be used as radiation 
shielding for the astronauts - 
crucial if humans are to one day 
survive the long trip to Mars. 
Successfully mining the asteroid 
would be a proof of concept that 
asteroids can be captured and 
harnessed for their geological 
treasures, potentially kickstarting 
a space-based economy based on 
asteroid mining. 

The proposal is currently 
being considered by the 
authorities at NASA, alongside 
ideas such as an orbiting space 
station around the Moon. These 
ideas are being pitched with the 
intention of creating testing beds 
for training astronauts for future 
visits to the Red Planet. @ 
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Medieval 
Earth struck 
by gamma-ray 
burst 


One of the most powerful 
explosions in the universe, a 
gamma-ray burst, may be the 
reason for unusually high levels of 
radiation found in tree rings from 
the years AD 774 and AD 775. 


ESA and NASA 
join forces on 
Orion 

Europe and the US are set to 

work together on NASA‘s next 
spacecraft. Europe will provide the 
engine for Orion that will see the 
spacecraft fly unmanned around 
the Moon in 2017, before repeating 
the feat with a crew in 2021. 


Largest _ 
structure in 
the universe 
discovered 


A group of quasars 4 billion light 
years across has been found by a 
group of astronomers in the UK. 
Known as a large quasar group 
(LGQ), it is 1,600 times bigger 
than the distance between the 
Milky Way and Andromeda. 


ISON could be 
‘Comet of the 
Century’ 


Comet ISON is currently on its 
way from Jupiter to the Sun. It 
will enter the solar corona on 28 
November 2013. When it does it 
will either emerge in a brilliant 
glow or it'll fizzle out and die. 
We'll wait and see... 












Galactic 


geysers Spew 
radiation into 
the Milky Way 


"If we were exposed to these levels 
of radiation there wouldn't be life 
on Earth as we know it" 


A gigantic outburst of charged 
particles, spanning 50,000 light years, 
has been found emanating from the 
centre of our galaxy by the CSIRO 
Parkes radio telescope in Australia. 
“Previously it was unclear whether it 
was quasar-like activity of our galaxy’s 
central super-massive black hole or 
star formation that kept injecting 
energy into the outflows,” says Bryan 
Gaensler, director of the ARC Centre 
of Excellence for All-Sky Astrophysics 
(CAASTRO). “Recent findings show 


that the phenomenon is driven by 
many generations of stars forming and 
exploding in the galactic centre over 
the last hundred million years." 
Luckily, our Solar System keeps 
out of the way of these jets. “Their 
intensity surpasses anything known 
on Earth”, says Wiebke Ebeling also 
of CAASTRO. “If we were exposed to 
these levels of radiation there wouldn't 
be life on Earth as we know it." 
Getting a better understanding of 
the magnetic energy of the bubble- 





LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE 





The new-found outflows of particles 
(pale blue) from the Galactic Centre. 
The background image is the whole 

Milky Way at the same scale. 


like geysers has allowed his team to 
get more of a handle on the mysteries 
hidden in our galaxy. 

“Our work provides two new 
important insights,” he says. “First, we 
now have a consistent picture of our 
own home galaxy belching its material 
into intergalactic space. Second, we 
now have a clear measurement of 
just what is driving this galactic 
indigestion - it’s the combined effect 
of the titanic explosions of the largest 
stars in the galaxy.” @ 
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Discovery brings us a step closer 
to finding Earth's twin 


Another possible habitat for life has been found by 
NASA's Kepler Space Telescope, which released data on 
461 new candidate planets and hinted that practically 
every Sun-like star in the galaxy has planets. 

“This [is] very exciting because it’s our first habitable- 
zone super-Earth around a Sun-type star,” said 
astronomer Natalie Batalha, a Kepler co-investigator at 
NASA's Ames Research Center. “Previously the ones we 


ese LWA oCRent oy ett other types of stars.” 


THe new planet, designated KOI (Kepler Object 
of Interest) 172.02, is so far unconfirmed. Indeed, of 
the 2,740 planet candidates found by Kepler singe it 
. launched in 2009, only 105 planets have been found. 
KOI 172.02 has a diameter one and a half times 
that of Earth and orbits in the habitable zone of its 
star, which is found in the constellation of Cygnus. 
KOI 172.02 orbits every 242 days and is 112.5 million 
kilometres (70 million miles) from its star, which is 
slightly cooler than our Sun, hence the habitable zone — 
where temperatures may be right for liquid ‘water on 


the surface of planets, is a little closer in. 


KOI 172.02 and the other 460 new planet candidates 
were announced at the 221st meeting of the American 
Astronomical Society in Long Beach, California in 


January 2013. @ 


Two black 
holes found 
in spiral 
galaxy 


Two black holes nestled in a spiral 
galaxy have caught the attention 
of NASA’s Nuclear Spectroscopic 
Telescope Array’s (NUSTAR). It 
noticed the duo in the spiral arms 
of galaxy IC 342, also known as 
Caldwell 5, in its hunt for extreme, 
high-energy objects littering the 
wide expanse of the cosmos. 

While these 7 million light year 
distant black holes are a huge 
find, the NuSTAR team currently 
investigating the mystery that 
surrounds them. Experts are 
looking at three possibilities; these 
ultraluminous X-rays could belong 
to intermediate-mass black holes 
weighing in at thousands of times 
that of the Sun, take the form of a 
more petite stellar-mass black hole 
or the pair could be so far-flung 
from normality, that they are hard to 
place in either category. 

And uncovering the puzzling 
pair is not all that NuSTAR has set 
its X-ray sights on. Highlighting 
the mission's great sensitivity and 
imaging capability, brought about 
by continual fine-tuning of the 
Spacecraft ever since its launch last 
year, NUSTAR program scientist, 
Lou Kaluzienski, who is based at the 
NASA headquarters, says: “These 
new images showcase why NuSTAR 
is giving us an unprecedented 
look at the cosmos. We're getting 
a wealth of new information on a 
wide array of cosmic phenomena in 
the high-energy X-ray portion of the 
electromagnetic spectrum.” @ 

A head-on view of the spiral galaxy IC 
342. High energy radiation shooting 


from the pair of black holes are shown 
here in the colour magenta 
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Water on Mars ~ 


Discovered: 1975 


Percival Lowell had claimed in the 
19th Century that he could see ‘canals’ 
on Mars. Alas, they were a figment of 
his imagination and water on Mars 
seemed like science fiction, at least 
until the launch of the Mariner 9 
orbiter in 1971. This gave astronomers 
their first evidence that water might 
exist on the Red Planet. Ancient river 
beds and canyons along with weather 
fronts and fogs were all signs that 
water had once resided on Mars. 

The Viking 1 and 2 missions, both 
consisting of a lander and orbiter, 
arrived at Mars in 1975. What they 
found confirmed that water had 

once run on Mars, but long, long ago. 
The Vikings sent back ‘postcards’ of 
dried-up floodplains and deep valleys 
carved out of the Martian landscape as 
well as evidence of erosion in soil and 
rocks, suggesting that rain once graced 
the surface. 


“Mars has been warmer 

and wetter than it is now, 
caused by changes in climate 
instigated by its wobbly axis” 


Signs of 
water 


1. River channel 

Nanedi Valles is an 800km (500-mile) 
long valley on Mars that has been 
formed by running surface water. 


2. Width 


The valley is 4km (2.5 miles) wide at 
its broadest point. 


3. Sediments 

Nanedi Valles has steep walls that show 
sedimentary layers that can hint at the 
geological history of the region. 


4. The cratered plains 

Nanedi Valles is found in a region of 
Mars's northern hemisphere known 
as Xanthe Terra, which is composed 
of cratered plains. 


5. Collapse 

Some water may have flowed 
underground, causing some of the 
land above it to collapse. 


6. Climate 
The study of channels like Nanedi Valles 
give scientists an idea of when and for 

how long it was wet on Mars. 
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In the 2000s, the European Space 
Agency's Mars Express discovered 
water-ice buried just a few metres 


® Surveyor 
Launched in 1996, the Mars 
Global Surveyor orbiter 


underground. The rovers Spirit and mapped and analysed Bane 
Opportunity trundled over terrain high-resolution oy “ah ; 
images of the ‘ % f ae 
that had been chemically altered by : a p Baa 
ae Red Planet. an OA, al eg 
flowing water millions of years ago. | 7 | > Ae 


It seems that for some periods in 

its history, Mars has been warmer 
and wetter than it is now, caused 

by changes in climate instigated by 
its wobbly axis. However, this is all 
evidence from the past; are there any 
signs of liquid water on Mars today? 
Indeed there are. NASA's now-defunct 
Mars Global Surveyor spacecraft 
recorded changes in gullies in crater 
Walls that seemed to show flows of 
water. Debate still rages as to the 
veracity of the findings but one thing 
is for sure: although Mars is known as 
the Red Planet now, it may have once 
been more blue. @ 


American astronomer Percival Lowell 
claimed there were canals on Mars’s surface 
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Discovered: 1781 


Originally thought to be a star, Uranus 
was observed many times by other 
astronomers as early as 1690; years 
before its groundbreaking discovery 
in 1781. Born in Germany, British 
astronomer William Herschel made 
history when he discovered the 
gaseous world, along with two of its 
largest moons, Titania and Oberon, 
six years later. 

During his search for double 
stars using his reflector telescope, 
Herschel chanced upon Uranus in the 
constellation of Gemini but initially 
dismissed it as a comet due to its 
unusual motion across the night sky 
and cast aside the general consensus 
that, what he saw on that chilly night 
during mid-March, was a pale blue 


star. Not entirely convinced by his 
first identification of the mysterious 
object, the astronomer tirelessly made 
many observations to check out his 
suspicions that the distant object was 
a nonstellar disc. If it was not a star 
nor a comet, then what could it be? 
Elsewhere, Swedish-born Russian 
astronomer and mathematician Anders 
Johan Lexell was also watching this 
mysterious ‘star’ and got to work on 
his own measurements, computing 
its orbit and later finding it likely to be 
planetary. Determining that what he 
had hit upon was a planet, Herschel 
figured out that the distant world must 
be beyond the orbit of the famously 
ringed planet Saturn and added it to 
the already discovered five planets of 































Sun-like star 

Hot Jupiter 51 Pegasi b was 
the first distant world to be 
found around a star similar to 
our Sun in 1995. 


Didier Queloz 
(pictured) and Michel 
Mayor discovered 51 
eee eRe lem das 
radial velocity method 


discovers Uranus 


our Solar System - Mercury, Venus, 
Mars, Jupiter and Saturn. 

Uranus's discovery marked an 
important point in astronomy, proving 
that our Solar System was larger than 
once thought. Around 65 years later, 
Uranus had almost completed one full 
orbit since being found by Herschel 
and, during its path across the sky, 
Lexell was the first to notice that its 
orbit around the Sun had irregularities 
that could not be explained by 
Newton's laws of planetary motion 
and gravitation. However, the oddness 
of the planet’s tango around the Sun 
could be explained by the presence of 
a further, unknown world tugging at 
Uranus’s orbit with its gravity. It was 
then that Neptune was uncovered. @ 
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® Discovery 
Herschel used a seven-foot- 
long reflector telescope to 
discover Uranus. 
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This replica of 

Herschel's telescope 
resides In the William 
Herschel museum in Bath, UK 


First exoplanet 
around a Sun- 


like star 


Discovered: 1995 


While 51 Pegasi b might not have 
been the first exoplanet to ever be 
discovered, it was the first distant 
world to be pinpointed around a star 
like our Sun, which makes finding 
this 50 light year distant world a 
fascinating discovery in itself. 

It was found with the helping 
hand of the radial velocity method 
on a telescope located at Observatoire 
de Haute-Provence in France by 
astrophysicist Michel Mayor and PhD 
student Didier Queloz. 

Despite orbiting a Sun-like star, 51 
Pegasi b was completely different to 
our perfectly balanced planet; no water 
flowed on its surface and no life as we 
know it is likely to exist on it. Teams of 
astronomers found this distant world 
to not only be gaseous, beginning 
the family of what we now know as 
‘hot Jupiters’, but also to be incredibly 
hot, suffering temperatures of some 


1,000 degrees Celsius (1,800 degrees 
Fahrenheit). It has a mass of some 150 
times that of Earth. The exoplanet is 
also tidally locked, forever stuck in a 
position where only one side gets a 
treatment of searing heat splashed on 
to its surface from its star, 51 Pegasi. 

The discovery of 51 Pegasi b threw a 
curve ball as it went against the then 
accepted theories of planet formation, 
leaving astronomers the task of finding 
somewhere where this mysterious 
new finding - of a huge world so close 
to its star - would fit in their models of 
planetary creation and evolution. 

The discovery of similar exoplanets 
around the binary system 55 Cancri, 
which consists of a Sun-like star and 
a red dwarf as well as yellow-white 
dwarf Tau Bootis, added more fuel 
to the fire - experts needed to find a 
compatible theory for the making of 
these superheated worlds. @ 
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Building up his theory of relativity, Einstein illustrated that 
gravity is created by objects that have mass. These bodies, such 
as planets and stars, warp the fabric of space-time. Our Earth is 
trapped in a curve of space-time created by our Sun 
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of the Solar 


Discovered: 1532 


As early as the 3rd Century, 
observations by astronomers from old 
civilisations such as ancient Greece 
placed the Earth at the centre of the 
universe. Back in the days of Aristotle 
and Ptolemy it was easy to see why 
both astronomers supported this 
geocentric model as they watched 
the Sun, Moon, naked eye planets 
and stars, wheel across the night sky 
appearing to circle our planet. 

However, not everyone was 
convinced and during the 16th 
Century, polymath astronomer 
Nicolaus Copernicus dismissed the 
idea, favouring a completely different 
model altogether; what if the Sun was 
at the centre of the universe? 

The shift from the Ptolemaic 
geocentric model to the Copernican 


Revolution of a heliocentric model 
was a successful one. However, 
while putting together his theory, 
Copernicus failed to realise that the 
orbits of the planets around the Sun 
were not circular. It was here that his 
model failed to address the details of 
planetary motion. In addition, while 
he was relatively confident in his 
workings, he feared ridicule by fellow 
astronomers as well as the Church, 
who, by this point, were invested in 
a geocentric universe. As a result he 
kept his ideas secret, but long after 


system , 


his lifetime, a chain of events were set 
into motion with the next generation 
of scientists picking up from where 
Copernicus had left off. 

One such individual was Johannes 
Kepler, who far from put off by 
the partially inaccurate model, 
was intrigued by the very idea of a 
Sun-centred universe and, during 
the following century, it was his 
calculations that revealed the orbits of 
our Solar System's planets as we know 
ld ancj ON EMSO)NNDOVIeTeMe)e ma slcobm-)lNielucerl | 
paths around our star. 


“Hubble found that our star 
Was one of many billions that 
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Building on the heliocentric model 
further, Galileo Galilei later set to 
his telescope, making observations 
of the heavens, which included the 
discovery that Venus has phases 
like the Moon, that added more 
ammunition to Copernicus's model 
and completely obliterated Aristotle's 
idatcre) aia cemd sleep) Koleos 

Further observations highlighted 
another important detail; the Sun was 
not the centrepiece of the universe 
and by the Twenties Edwin Hubble 
illustrated that our star was one of 
many billions that make up our Milky 
Way Galaxy. The Sun might not be 
at the centre of our universe, but it 
is nestled at the centre of our Solar 
System surrounded by eight planets 
including our Earth. @ 


erate 
Revolution 


1. The Sun 

The Sun, according to Copernicus 

and our current understanding of our 
Solar System, is the centrepiece of the 
planets. The Sun's most intense heat 
and radiation is shown to be thrown 
out as far as the Earth in this 
heliocentric model. 


2. The planets 

Mercury through to Mars are shown in 
Copernicus’s model. Our Earth's Moon 
as well as Jupiter's most prominent 
moons - Europa, Ganymede, Callisto 
and lo - are shown in orbit. 


3. The constellations 

The zodiacal constellations that the Sun 
seems to pass through each year as the 
Earth orbits around it. According to this 
heliocentric model, there are 12 zodiacal 
constellations and, in an anticlockwise 
direction, we have Sagittarius, 
Capricornus, Aquarius, Pisces, Aries, 
Taurus, Gemini, Cancer, Leo, Virgo, 
Libra and Scorpius. Of course, today we 
know that there are 13 constellations 

of the zodiac with the Sun also passing 
through Ophiuchus. 


4. Orbits 

Copernicus believed that the planets 
were on a circular orbit around the Sun 
rather than the elliptical paths we know 
11g) n ir ISMaKeleL-\VA 
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The expansion 
of the universe 


Today we think of the universe 

as expanding but it is thanks to 
astronomer Edwin Hubble that we've 
got some idea about the current 
behaviour of the universe. 

Hubble's arrival at Mount Wilson 
Observatory in 1919 marked a turning 
point in the history of astronomy. 

At this time, astronomers concerned 
themselves with cloudy patches called 
nebulae (now known as galaxies) that 
splattered the night sky. While many 
astronomers believed that these fuzzy 
objects hung inside our galaxy, Hubble 
was convinced there could be more 
located outside of the Milky Way. 

Taking photos of these distant 
nebulas, he proved his own theory. 
His discovery of these other galaxies 
led to the universe being inflated 
to a size 100 times larger than first 
thought. He immediately got to work 
on measuring the distances to these 
galactic structures. Poring over his 
images, Hubble noticed a number 
of novae, as well as other dim stars 
brightening over a period of frames. 
He also identified a star that would 
help him determine the distance to 
the Andromeda Galaxy - a Cepheid 
variable. Comparing the star’s apparent 
brightness with its actual brightness, 
he determined that Andromeda was 
900,000 light years away. However, 
astronomers have found that Hubble 
made an error and Andromeda is, in 
fact, about 2 million light years away! 


www.spaceanswers.com 


Hubble was aware of a few galaxies 
approaching the Milky Way, but there 
were also several moving away at 
What he believed were high speeds. 
This apparent moving towards and 
away from the Milky Way is known as 
Doppler shifting. Hubble measured the 
distance and Doppler shift for as many 
galaxies as he could but his discovery 
that some galaxies were moving away 
from us led to his realisation that the 
universe was expanding. This amazing 
discovery impressed the likes of Albert 
Einstein and allowed later astronomers 
to measure the age of the universe. @ 





Hubble used the 100-inch Hooker 
telescope at Mount Wilson Observatory 
to identify Cepheid variable stars 


B pene 


motion 


Astronomer Johannes Kepler certainly 
gave a huge chunk of science to add 
to our understanding of astronomy 
when he brought us the three laws of 
planetary motion. 

Kepler was an assistant to Danish 
astronomer Tycho Brahe but, unlike 
Brahe, he believed in the Copernican 
principle. Under Brahe's supervision, 
he was tasked with understanding 
Mars’s troublesome orbit and it was by 
solving this mystery that Kepler struck 
gold. Contemplating Copernicus's 
theory that the planets orbit the Sun, 
Kepler realised that both astronomers 
assumed that planets travelled in 
circular orbits rather than ellipses, 
which he figured explained the 
Martian orbit. He commandeered more 
of Tycho's data after his death and got 
to work on disproving the geocentric 
model by devising Kepler's First Law, 
Second Law and Third Law. 

In his first law, Kepler suggested 
that planets moved in elliptical orbits 


Kepler's first law 

The orbits are ellipses, with 
focal points f1 and f2 for 
the first planet and f1 and 
f3 for the second. The Sun 
is located in focal point f1. 


oe 
‘T... f1 (Sun) 
2. 


Kepler's 
third law 
The square of 
the planet's 
period (P) is 
proportional 
to the cube 
of the orbit's 
semi-major 
axis (al or a2). 





Planet 1 to complete its 
orbit once is its ‘period’. 









Kepler found that the Earth and planets 
travel around the Sun in elliptical orbits 


around the Sun, which rests at one 
focus of the ellipse. This means that 
the distance between the planet and 
the Sun is changing as it orbits. 

His second law states that, if you 
draw an imaginary line joining the 
Sun to a planet, then an equal area is 
Swept out in an equal time meaning 
that when the planet is closest to 
the Sun it moves much faster with 
the world in question completing its 
elliptical motion with a constantly 
changing angular speed. 

His third law implies that the period 
for a planet to orbit the Sun increases 
rapidly with the radius of its orbit. This 
explains why Mercury completes its 
orbit in 88 days compared to Neptune, 
which takes 165 years. @ 


Elliptical orbit for Kepler's 
Planet 1 second law 
The time it takes for The two shaded 


sectors Al and A2 
have the same 
surface area and 
the time for Planet 
1 to cover segment 
Al is equal to the 
time to cover 

\ segment A2. 


Planet 2 
Semi-major 
axis 
of Planet 1's Elliptical 
orbit orbit for 
The average Semi-major axis Planet 2 
distance of Planet 2's orbit The time it takes for Planet 2 


between Planet 
1 and the Sun. 


Average distance between 
Planet 2 and the Sun. 


to complete its orbit once is 
referred to as its ‘period’. 
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Galileo discovers 


Jupiter's moons 


Taking a look through a good pair of 
binoculars or a telescope at the bright 
Star in the night sky that represents 
Jupiter, you are very likely to spot the 
gas giant's most prominent moons - 
Europa, Io, Ganymede and Callisto. 
The quartet of satellites didn’t 
go unnoticed, not even in the early 
1600s, as Galileo Galilei pointed 
his telescope at the planet. Writing 
down his observations, the Italian 


fo) 

With over 400 active volcanoes, 
lo is Saturn's fourth largest moon. 
Galileo discovered lo in 1610, 
where at this time, the moon 
appeared as nothing more than a 
point of light. 


Ganymede 

Covered in impact craters, 
Ganymede is not only the largest 
of Jupiter's moons but is also the 
largest moon in the Solar System, 
while its mass is just over twice 
that of our Moon. 


Islan) eleva comenleheMMmcyocwe lI Me)mmesls 
moons, but only three which he, at 
the time, believed were stars fixed in 
positions close to what we now know 
as a great gas giant striped with belts 
of angry swirling storms. 

Galileo's observations between 
December 1609 and January 1610 saw 
the fourth moon make its appearance 
from behind Jupiter and caused him 
to rethink his original thoughts as 





Background 
Radiation 


Discovered: 1965 


Arno Penzias and Robert Wilson at 
the Bell Telephone Laboratories in 
New Jersey never imagined that they 
would find damming evidence for the 
Big Bang - which occurred some 13.7 
billion years ago - along with support 
for an expanding universe previously 
postulated by Edwin Hubble while 
experimenting with the Holmdel 
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Horn Antenna. The supersensitivity 

of the antenna, which was built to 
detect radio waves ricocheting off 
echo balloon satellites, unintentionally 
encountered the readings for Cosmic 
Microwave Background (CMB) 
radiation, thermal radiation left over 
from the Big Bang, as a low yet steady 
interference. This noise, which they 


to what the four points of light were. 
Watching them further, he realised 
they were orbiting as moons and as 
their discoverer, Jupiter's four largest 
satellites of many were named after 
the astronomer and dubbed the 
Galilean moons. 

Galileo's finding not only spelt 
out the turning point in which the 
telescope was seen as an invaluable 
instrument for uncovering the cosmos 





aU) eyicels 

While no one knows for sure who discovered 
Jupiter, Galileo realised that four moons were 
orbiting it, adding more evidence to the theory 
Warm ote] ate MNO e) m= mM@R) eee) UOC SMTA TAY =) Yee 


Europa 

Sixth closest to Jupiter, Europa is thought to have 
an iron core at the centre of its silicate rock and 
water ice encrusted surface. Europa is the smallest 
of the four Galilean satellites. 





outside the atmospheric confines 
of our planet, but also had its part 
in the debunking of Ptolemy's idea 
of our Earth being at the centre of 
everything with the stars, Sun and 
planets revolving around it. @ 


ei Ke) 

Taking almost 17 days to orbit 
Jupiter, Callisto is 99% the 
diameter of Mercury and the third- 
largest moon in the Solar System. 


Temperature fluctuations of the Cosmic Microwave Background over the full sky from 
data returned by the Wilkinson Microwave Anisotropy Probe (WMAP) spacecraft 


found had an intensity 100 times more 
powerful than the physicists were 
expecting, seeped into every corner 

of the sky and was present from day 
through to night. 

Could this finding have been a 
mistake? Fortunately not for the duo, 
who in 1978 received a Nobel Prize 
for Physics for their joint discovery. 


Clearing away pigeons nesting in 

the antenna as possible sources of 
interference, Penzias and Wilson found 
that the noise did not disappear. The 
CMB that permeates the universe had 
been found and the physicists had 
measured it at an average temperature 
of -270.15 degrees Celsius (-450 
degrees Fahrenheit). @ 
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Although seas of liquid on the surface 
of Saturn's largest moon, Titan, were 
suspected as early as the days of 

the Voyager 1 and 2 spacecrafts, it 
wasn't until 1995, after the launch 

of the Hubble Space Telescope, that 
astronomers grabbed a clearer picture 
of what was really lurking on the 
moon's surface. The suspicions of 
scientists were proven correct in what 
they believed was an atmosphere that 
held moisture, however, getting 
snaps of any expanses of 
liquid proved tricky. 

Enter the Cassini- 
Huygens orbiter-probe 
in 2004, which spied 
its first lake, Ontario 
Lacus, at the moon’s 
southern pole. A 
couple of years after 
the mission's arrival at 
Saturn, radar pictures of the 
north pole in winter showed expanses 
of smooth lakes filled with methane. 
This marked an important point in 
the history of space exploration, a 
landmark for the discovery of the first 
lakes outside Earth. 

By early 2005, the Huygens lander 
had separated from the Cassini probe 
and descended through the thick 
atmosphere before touching down on 
Titan's surface, immediately getting 
to work transmitting a radio link 
from itself to Cassini, which then 
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Liquid on Titan 


beamed new information back to 
Earth. However, pebbles scattered 
over the surface were not the only 
thing that Huygens found as it fell 
through the smog. Contradicting 
previous evidence, the probe spotted 
no great lakes but dried up river beds. 
Scientists suggested that the probe's 
penetrometer had landed on a huge 
pebble thought to be made of water ice 
and, as it landed, had found wet clay 
as well as many rounded pebbles, 
indicating running fluids. 
Infrared pictures of 
abundant chemicals 
covering the surface 
of Titan taken in late- 
2007 saw the Cassini- 
Huygens take a closer 
look at Titan as it edged 
in closer to the limb of 
the large moon, revealing 
more possible lakes as well as 
ethane. In February 2008, Titan's polar 
lakes were found to contain hundreds 
of times more liquid hydrocarbons 
than all the known oil and natural gas 
reserves on Earth. 

Finding lakes on Saturn's largest 
moon not only provided evidence of 
the first world other than Earth to 
harbour liquid and organic materials 
on its surface, but Titan's lakes make 
it an important planet for studying 
weather as scientists watch the liquids, 
gases and temperatures at play. @ 









Discovered: 1995 





The lakes on Saturn's 
largest moon 


1. Bolsena Lacus 
Named after: Lake 
Bolsena, Italy 
Diameter: 101km 


2. Sotonera Lacus 
Named after: Lake 
Sotonera, Spain 
Diameter: 63km 


3. Koitere Lacus 
Named after: Koitere, 
Finland 

Diameter: 68km 


4. Neagh Lacus 
Named after: Lough 
Neagh, Northern Ireland 
Diameter: 98km 


5. Mackay Lacus 
Named after: Lake 
Mackay, Australia 
Diameter: 18O0km 


6. Lakes and seas of 
hydrocarbon 

The dark blue colouring 
indicates bodies of liquid 
ethane, methane and 
dissolved nitrogen. 

7. Solid ice between 
liquid bodies 

Ice crystals serve as 
bedrock on Titan which is 
thought to be coated in a 
hydrocarbon slush. 
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Gravitational lensing 





Seeing double: 


Gravitational 
lensl 





[ls 


A phenomenon that allows 
us to see an object simultaneously 
at two different points in time 


In 1916, Albert Einstein published 

his groundbreaking paper on general 
relativity, which, among other things, 
showed that space and time were 
intertwined as space-time, and that 
every object with mass exerted 

a gravitational influence on its 
Surrounding space. 

This brought with it an interesting 
conclusion, namely that an object with 
enough mass would not only exert 
a gravitational influence on other 
celestial objects, but also on light itself. 
This theory was confirmed during 
a solar eclipse in 1919 when British 
astrophysicist Arthur Eddington 
observed that stars passing close 
to the Sun appeared out of position 
because their light was being bent. 

It was postulated that if a distant 
object, an intervening one and the 
Earth were all aligned, then the image 
of that distant object would appear 
distorted or even multiplied as its light 
bent around the intervening object on 


its way to Earth. However, scientists 
including Einstein, only considered the 
gravitational lensing effects of a single 
star, which they deemed would be 
almost impossible to observe. It was 
not until 1937 that Swiss astronomer 
Fritz Zwicky suggested that larger 
objects like galaxies could produce the 
same effect, although sadly he would 
not live to see his theory proved. 

In 1979, five years after Zwicky’s 
death, the first gravitational lens 
was discovered, albeit by accident. 
A team using the Kitt Peak National 
Observatory in Arizona, USA was 
responsible, but their discovery was 
the cause of contention for some time. 
What they saw was the Twin Quasar, 
an occurrence of apparently two 
quasars located over 8 billion light 
years from Earth in the Ursa Major 
constellation. They were remarkably 
similar, with an almost identical 
redshift and visible light spectrum, 
suggesting that they were actually the 


The Einstein Cross is a gravitationally lensed quasar; four images 
of the quasar appear in observations around a lensing galaxy 
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Same object appearing in two different 
images due to an intervening galaxy 
cluster located over 4 billion light 
years closer to Earth. 

However, later in 1979 further 
studies revealed a relativist jet 
emerging from quasar A, but the same 
could not be seen at quasar B. This put 
the suggestion that the Twin Quasar 
was the first gravitationally lensed 
object to be observed in doubt, until 
similar jets were discovered at quasar 
B in 1983. 

It was also found, through three 
decades of observations, that the 
intervening galaxy cluster was off- 
centred. So, although the two quasars 
were the same object, the light from 
quasar A reaches Earth 14 months 
before quasar B. This is one amazing 
aspect of gravitational lensing; it allows 
us to see an object simultaneously at 
different points in time. 

But the Twin Quasar was not 
finished with its surprises just yet. One 
other type of gravitational lensing, 
called microlensing, occurs when 
a smaller object like a planet in the 
lensing object further distorts the 
light of the distant object. In 1996, 
such a distortion was observed in the 
lightcurve of the Twin Quasar, which 
was controversially attributed to an 
extragalactic planet (one found outside 
the Milky Way) three times the mass 
of Earth. At a distance of 4 billion light 


years this would make it the most 
distant planet known to date, but the 
chance alignment will never occur 
again and therefore we will never 
know for sure. 

However, microlensing such as this 
has proven very useful in the search 
for planets. A Polish astronomical 
project called the Optical Gravitational 
Lensing Experiment (OGLE), which 
began in 1992, has successfully 
discovered several extrasolar planets 
by observing the distortion in the 
lensing effect of distant objects 
(see the ‘Finding planets through 
microlensing’ boxout). This led to the 
discovery of OGLE-2005-BLG-O390Lb, 
a super-Earth 21,500 light years 
away that is one of the most distant 
confirmed planets we know of to date. 

We now know of many 
gravitationally lensed objects in the 
universe, and by using this technique 
we are able not only to discern the 
properties of massive distant objects 
like quasars, but also to map the 
amount of expected dark matter in 
the universe. Gravitational lensing is 
a remarkable effect but it has taken 
us nearly a century to truly appreciate 
and understand its uses. Continued 
observations will no doubt uncover 
more of these fantastic phenomena 
and help us to comprehend the effect 
of massive objects on space-time 
even further. @ 


An Einstein ring occurs when a light source, a lensing object 
and the Earth are all aligned, resulting in a ring of light 
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Gravitational lensing 





Looking Mire the lens 
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towards Earth. brightness of the distant occurs, where massive galaxy, be distorted when it 


object, will dictate what multiple images of bends the light. reaches Earth 
W(t] 21-5 the distant object 
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Finding planets 


iia en © 5, Smal 

pl: cS S As a planet orbits . ai 4 aon a 
Siihli@age ensins we ,* e particularly useful 
distorts the light of , i for finding low-mass 
MET eC) planets, as even small 

planets will produce a 

microlensing effect. 
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From the fluctuations of the : © 1. Source star 
incoming light, we can discern — : % a An intervening star Light from a distant 
some properties of the planet : “i A —" bends the light from source star travels 
including its mass and orbit. zu ii - the distant star. towards Earth. 
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CELESTRON 
Nexstar SLT 127 


The NexStar SLT 127 Maksulov 
Cassegrain is an affordable mid level 
computerised GoTo telescope, it is loaded 
with Valuable design features. Pre 
assembled, adjustable stainless steel 
tripod and quick release fork arms and 
tubes, means that the NexStar 127 SLT 
telascope can be set up in a matter of 
minutes -— with no tools required! 
Enabling you to see details of the lunar 
surface, Venus and its phases, polar caps 
on Mars, Jupiter and its four moons, 
Satum with its rings plainly visible and 
much mora! The NexStar SLT12/ can 
also be used as a land-based spotting 
telescope. 


Nexstar 127 SLT Goto 
£359.00 SHOP ONLINE 


to our website for 


more competitive prices on scopes SCSdaS dg 0.CO. uk 


from the world's leading manufacturers. for telescopes+accessories 


www.sherwoods-photo.com eae 
, , The Astronomy Shop 


ter eap meet eee e i et le reece 1 TONE HILL, WELLINGTON 


Warwickshire B&O 7EL 
Tel. 01527-857500 Fax 01527-857501 Se a ta eal 


Astronomy by Distance Learning | Harrison TELESCOPES Ltd - 
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Call 01932 703605 six days 
Authorised Dealers for all leading brands 
_ Low Prices - Special Offers - Great Service 


Gp @CELESTRON TELESCOPE 


ee : | GOTO ae 
a yf | 
New courses from September 2013 : \) TELESCOPES FL ie 


Hen ee] See Nt etn —" FROM £209 ADAPTORS 
Remaining courses running to August 2013 : = CANON 
ee =) 


es ESOT ACO LA Es & SONY 
SATE Eb sks Ss LS6"&8 


a en RT igs (Oh Tam ee T- RINGS 
UE TRR IML MUL ee alae en tee st ist am cE esulisiumaams 


NVM Pete aeM elit apse : — ice ae: 
May © Modern Cosmology (a7. Se tes 

PERE melliasias fl . T- ADAPTORS 
AT Mam MUU MOLL IY esa Te fe lun=) ial) lll lal ‘ mle 
duly Planetary Atmospheres - | 

B the Universe through a Large Weleseane 
































Tue |e ea Contact Details Our website is updated daily with the latest products 4& offers 


fF amma fer] rel elma ke impression) Ra aa fe iil Sm ese tole ke et eT Qa ee) ele ee 


eRe ep deere eae ut CTT My Bers Cae TUT ea | . . 
Pe Teg nlm alse em eT med ml PER UMER WUE MUTA eit eee Call Oh he er 703605 Tahal 5PM SIX a 


See a Sh ee ee LEI e UL meet a 





5 AMAZING FACTS ABOUT 


sR aT 
Horizons — 
probe 


It is the closest 
Wee De tober aCe 
object to Pluto .. 


Until 2 December 2011 the Voyager 1 
spacecraft held the ‘record’ for the closest 
approach to Pluto, a mammoth 10.58, times 
further than the Earth-Sun distance. New 
Horizons is now within this record. 












It could: hit 
a hidden — 
Plutonian 
moon 


Five moons are kaown to be in orbit . 
around Pluto, but,three of these were 
discovered in the last few:years. Pluto 
may have more unknown. hidden.* 
moons that could pose a threat to” 
New Horizons as it approaches. 


eas 5 ae | Les end ess Ce) 
eS feet aval * gt eke) siete ler= 
eViseleiqoe| br] ce ed beyond Pluto 
EPA O-ladeesltio ns) eee 2 E 


rectly into an New Horizons will use Pluto's 


On 14 July 2015* over 3,460 days after “= ~ “ trajectory after gravity to give it an additional speed 
launching and having travelled 4.76 billion | nuary 2006 at a boost to make its way into the outer 
kilometres (2.96 billion miles) - New Horizons — } km/h (36,400mph), Solar System. Here it will observe 
will become the first probe ever tafly by Pluto. r fastest spacecraft to Kuiper belt objects, if there are any 
It will observe the 6nce ninth planet of the rth orbit, nearly 100 around, until 2020. The mission will 
Solar System for several weeks. faster than a jetliner. officially end in 2026. 
Wwww.spaceanswe!s.com € 29 
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® Views 
Colonists would have to get 
used to seeing the landscape 
above their heads and views 


of space through the windows, 


rather than Earth's blue skies. 


its) aoaaeat ,* aralel to 
each other and rotate 2 in opposite direc! ‘ 


SRS 


® Weather 


The colony would have its own 
climate that could be controlled 
to simulate the seasons we 
have on Earth. 





a ® Rotation 


The cylinders rotate at Irpm 
to create 1g, equivalent to 
Earth gravity, that would be 
experienced by the population 
living inside the colony. 


~ O'Neill envisaged colonies 
consisting of two 32km (20- =" 
mile) long, 6.4km (four-mile) 
diameter cylinders. 





ee | Population 
Each cylinder provides about 648km7? (250mi2) 
of land area that could support a population of 
several hundred thousand people. 





Faster than light 


Faster than light 






ATYpeuacs) eM ey Meri Cacwn) orl eKeiys 


If humanity is to truly explore the universe it must 
first conquer the vast’distances of space. All About 
Space investigates the fact and theory pound 
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Scientists have recognised the speed 
of light as the ultimate speed limit of 
the universe for more than a century 
now - ever since Albert Einstein put 
forward his revolutionary special 
theory of relativity in 1905. Einstein 
developed his theory in order to 
account for a series of problems that 
beset the physics of the time - most 
importantly the fact that light seemed 
to travel through a vacuum at the 
Same speed, regardless of the relative 
motions of source and observer. In 
other words, light arrives at Earth 
from a distant star at the same speed 
regardless of whether the star is 
moving towards or away from us - 
think for a moment about how that 
compares with the behaviour of a 
tennis ball thrown by someone on 
a moving train and you'll see why 
that’s so weird. The speed of light 
in vacuum, 299,792.5 kilometres per 
second (186,282 miles per second), is a 
universal constant, often written as ‘c’. 
In order to explain this strange 
behaviour, Einstein realised he would 
have to rewrite the laws of physics 
from the bottom up. The resulting 
theory of special relativity mimics 
the well-established rules of ‘classical’ 
physics in everyday situations, and 
only diverges when objects are 
travelling at speeds comparable to c 
(so-called ‘relativistic’ speeds). Here, 
though, things start to get very strange 


Superluminal 
jet illusion 


LE] oLaOlaaiar mI eci ela) 
Because the jet is travelling 
at a significant fraction 
of the speed of light, this 
region can move some . 
way along its length before 
emitting the light received 
by the Earth observer, so 
jet appears to be moving 
en faster than it is. 


- from the point of view of a distant 
observer, relativistic objects appear 
to get shorter in the direction of their 
travel; to increase in mass (making 

it harder to accelerate further); and 
strangest of all, to experience time 
more slowly. 

These weird effects, Einstein 
explained, were inevitable 
consequences of the principle of 
relativity - the long-established idea 
that the laws of physics behave 
the same way in all ‘inertial’ (non- 
accelerating) frames of reference. 

In other words, if a moving train is 
travelling at a constant speed, then 
it’s actually impossible for someone 
on board to conduct an experiment 
that proves they're the one in motion, 
rather than someone doing the same 
experiment on the platform rushing 
past the window. (If that sounds weird, 
then remember how many thousands 
of years it took people to figure out 
that Earth is rotating daily on its axis 
and orbiting the Sun, rather than 
sitting still among countless spinning 
celestial spheres.) From the point 

of view of a person on a relativistic 
spaceship, everything would seem 

to be perfectly normal - in fact the 
strange effects would seem to be 
happening to the rest of the universe! 

Einstein realised that these effects 
got increasingly extreme towards 
c, until they spiralled out of control 


Relativistic jets 
® Particles emerge from the 
microquasar's poles at speeds 


close to that of light, but light from 


different parts of the jet still takes 
the same time to reach Earth. 


Departure and arrival 

ver looking at the jet from Earth is 
aiving light rays that were emitted 
Jarts of the jet at different times, 
he telescope simultaneously. 


Faster than light 


“One could stimulate space- 


time to behave in suc 
a Way that it mimics the 
classical warp drive" 


Dr Richard Obousy, president of Icarus Interstellar 


at the speed of light itself: an object 
travelling at the speed of light would 
have zero length, infinite mass, and no 
experience of time. Such a situation 
was Clearly impossible, so travel at 
light speed was impossible and c 
set an ultimate speed limit for the 
universe (photons of light and other 
radiations can only travel at c because 
they are completely massless). Special 
relativity has now been proven by any 
number of experiments - for example, 
atomic clocks flown aboard satellites 
or high-speed jets, have been shown 
to slow down compared to those in 
ground-based laboratories, thanks to 
the effects of time dilation. 

The speed limit of c seems to 
frustrate our dreams of exploring 
the universe. The scale of interstellar 
Space is daunting - even the closest 
stars are light years away from Earth, 
our galaxy is more than 100,000 light 
years across, and most other galaxies 
are many millions of light years 
away, so even if a spacecraft could 


somehow propel itself to 99.999 per 
cent of the speed of light, it would still 
require these kind of timescales to 
explore the universe. As a result, even 
the most enthusiastic advocates of 
interstellar exploration have assumed 
it would require crews in deep-frozen 
suspended animation for many years, 
or enormous ‘generational’ starships 
that would eventually deliver the 
descendants of the original crew to a 
home in a new solar system. 

But even though astronomers and 
physicists accept special relativity as 
a fact of life, they've still discovered a 
variety of situations - some natural, 
some highly artificial, in which faster- 
than-light motion, or at least the 
illusion of it, can take place. 

For instance, one intriguing effect, 
which at first seems to break Einstein's 
rules, is known as a ‘superluminal 


jet’. These strange phenomena are 


usually associated with the violent 
conditions around black holes, 
and involve streams of genuinely 


Microquasar 
Superluminal jets are 
usually generated around 
black holes - for instance 
in ‘microquasar’ systems 
where a black hole is 
stripping material from 
its companion star and 
ejecting high-speed 
ayes in narrow jets. 
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Faster than light 





Lightspeed pioneer: 
Miguel 
Alcubierre 


Born in Mexico in 1964, Alcubierre 
studied physics at the Mexican 
National University before 
studying for his doctorate at the 
University of Wales. Specialising 
in the investigations of general 
relativity and black holes, he 

later moved to Germany's Max 
Planck Institute before returning 
to Mexico in 2002. Although 

his work is largely concerned 

with the long-standing problem 

of reconciling quantum physics 
and general relativity, he is best 
known for his 1994 proposal 

for a ‘warp drive’ - a means of 
carrying a bubble of space across 
large distances at faster-than- 

light speeds without violating 

the rules of Einsteinian physics. 
Because space-time within such 

a ‘warp bubble’ would remain 
essentially flat, a spacecraft within 
it can move through its local 
environment at relatively low 
speeds, avoiding many problems 
associated with relativistic motion, 
such as time dilation. 











relativistic particles shooting out in 

a jet pointing almost (but not quite) 
directly towards the Earth. In these 
special circumstances, light emitted 
by a particular region of the jet at a 
later time can ‘catch up’ with that 
emitted at an earlier stage, giving the 
impression that the jet itself is moving 
faster than light (see the ‘Superluminal 
jet illusion’ boxout on page 33). 

So far, all the natural phenomena 
observed in the universe have turned 
out to be consistent with relativity and 
the ultimate speed limit of c. But in 
March 2011, a team of astronomers at 
Italy's Gran Sasso National Laboratory 
reported measurements that seemed 
to show that beams of neutrinos fired 
from the Large Hadron Collider at 
CERN on the Swiss-French border, 
some 731 kilometres (454 miles) away, 
were alriving at their own OPERA 
detector slightly sooner than expected 
- so fast, in fact, that they appeared to 
be travelling slightly faster than the 
speed of light. 

The Gran Sasso team did not 
really believe that they had found 
neutrinos breaking the rules of 
relativity. Instead, their announcement 
Was an appeal to the wider scientific 
community for help in analysing 
their experiment and pinpointing 
possible errors. And indeed, within 
a year several equipment issues 
had been identified and the revised 
measurements brought back into line 
with expectations. 

But what if particles could travel 
faster than light? In 1967, Columbia 
University physicist Gerald Feinberg 
put forward the suggestion that an 
entire universe of new hypothetical 
particles with speeds greater than that 
of light might exist. These ‘tachyons' 
(from the Greek word for swift) 
would avoid the problem of travel at 
c itself by never travelling that slowly. 
However, other theoretical physicists 
soon showed that the tachyon 
properties Feinberg proposed would 


have different consequences from 
those he predicted. What's more, the 
widely accepted models of particle 
physics seem to work pretty well 
without faster-than-light particles, so 
tachyons remain little more than a 
fascinating thought experiment. 
Another particle phenomenon, 
however, really does seem to break 
Einstein's golden rule. This is quantum 
entanglement - an effect in which two 
atomic or subatomic particles interact 
with one another in such a way that 
certain properties or ‘quantum states’ 
become intrinsically linked together. 
According to quantum theory, on 
the smallest scales particles have 
an uncertain, wave-like nature, with 
properties that only become fixed 
when they are measured. In theory, 
it should be possible to prepare a pair 






of entangled particles, then separate 
them by a great distance (perhaps 
taking one away in a spaceship while 
keeping the other one on Earth). 
When the state of the one particle is 
finally measured, the other particle's 
complementary state also ‘collapses’ 
instantaneously, wherever it is in the 
universe, and can then be measured. 
Einstein himself memorably referred 
to entanglement as “spooky action 
at a distance”, but since his time it 
has moved beyond the realms of 
theory into reality. In September 
2012, scientists at laboratories on 
the islands of La Palma and Tenerife 
demonstrated the phenomenon of 
simultaneous collapse across a record 
distance of 143 kilometres (89 miles). 
In the future, quantum 
entanglement could form the basis 


Tachyons: the faster- 
than-light particles 


This diagram visualises the appearance of a hypothetical 


faster-than-light particle or tachyon passing an observer 


Mg hy 


oti, 4 


@ 1. Cherenkov 
radiation 
The particle emits 
an expanding 
wave of radiation 
equivalent to a 
sonic boom. 


The strange object known as SS 433 is a probable ‘microquasar’ system ejecting particles that move 
at 26 per cent of the speed of light. The jets are moving so fast that they experience significant time 
dilation, which stretches the wavelength of their light and creates a ‘red shift’ effect 





® 2. Departing object 
Because it is travelling 
faster than light, the 
particle is invisible until it 
passes the observer. We 
can only see it once it is 
already retreating. 








® 3. Ghost image 
Once the particle has 
passed by, light waves 
emitted during its 
approach finally reach 
the observer, creating 
a ghostly image. 
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of a new generation of superfast 
computers, but does the phenomenon 
really break the speed of light? Not 
strictly, say the experts, explaining 
that the phenomenon only enables 
observers at two locations to 
instantaneously discover the 

Same information - nothing is 
communicated directly from one 
observer to the other. 

This, then, is the fundamental rule 
of relativity - that it's impossible to 
transmit information faster than the 
speed of light. If it was then causality 
itself, the universal law of cause and 
effect, could be undermined - for 
instance, you could send a message 
that would arrive before you had 
even sent it, and the recipient might 
then send one back in the same way, 
arriving in time to stop you sending 


them the original message and 
creating a paradox. 

However hard we might try, it 
seems that the cosmic speed limit 
is unbreakable - so are we doomed 
to stay trapped forever in our small 
corner of the universe, with dreams 
of star travel limited to science fiction 
or the most ambitious, one-way-ticket 
projects? Not necessarily - we can't 
break the speed of light, but Einstein’s 
own work gives rise to ways in which 
we could bend it. 

Ten years after the special theory, 
Einstein published his theory of 
general relativity, which remodelled 
space and time as a four-dimensional 
‘manifold’ that can be warped by 
the effects of gravity. He suggested 
that the bending of space and time 
around massive objects such as stars 


org) Cey gtr te) ee 
Tw Cali Cisco 


1. Normal space-time 

In normal circumstances, the 
fabric of undistorted space and 
time forms a uniform ‘grid’. 





4. Eye of 

id aTeRcKe) gt 
Space-time in the 
centre of the bubble 
remains uniform and 
undistorted. 


7. Exotic matter 

DUM CleoMeleV man nmr) Come 
of the same phenomena that 
(olaV(eM gt sMel-l naan ea AT en 
Causes space-time to expand. 
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Faster than light 


“Wormholes offer a potential 


shortcut that 


ets around the 


cosmic speed limit" 


could create similar effects to those 
seen at relativistic speeds in special 
relativity. For instance, the three 
dimensions of space might become 
compressed or curved, while the time 
dimension could become extended. 
It's another idea that sounds crazy, 
but was developed from the simplest 
principles and was soon proved to 

be correct thanks to the discovery 

of ‘gravitational lensing’ - the way in 
which the straight paths of light rays 
travelling through space are deflected 
as they pass through the warped 
space close to massive objects. 


3. Region of expansion 
On the trailing edge of the warp 
bubble, the drive causes space- 
time to expand rapidly, driving 
the bubble forward. 








One common way of thinking 
about general relativity is to think 
of space-time as a rubber sheet in 
which heavy objects create dents or 
‘gravitational wells’. The heavier or 
more concentrated the object, the 
deeper the well and the greater the 
effect on its surroundings. In 1935, 
Einstein and his colleague Nathan 
Rosen published a paper in which they 
outlined the theoretical possibility that 
two such wells in different regions of 
the universe might connect together, 
creating a shortcut Known as an 
Einstein-Rosen bridge. Today, most 





5. Warp drive 
spacecraft 

Because the ship travels 
at conventional speeds 
through undistorted 
space-time, it does not 
UA da SMOOr) alcool ks 
of relativistic motion. 


6. Ring design 

Many designs for warp drive 
ships envisage a ring-like ‘warp 
engine’ containing exotic matter. 


2. Compression 
FEMS 

Using exotic matter, 
the warp drive 
causes space-time to 
(ool n | oa ocw- le Me [Kelas 
on the leading edge 
of a ‘warp bubble’. 
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Wormhole 
theory 


@ 4. Curving space 
According to general relativity, 
the universe itself is warped and 
curved by the mass of the stars 
and galaxies within it. 


® 3. Long way round 
Light travelling from Earth to 
the wormhole's destination 
must take the long route 
across the universe, limited 
by its own speed. 


science fiction fans know the concept 
better by the popular nickname coined 
by physicist John Wheeler in 1957. 

Wormbholes offer a potential 
shortcut that gets around the cosmic 
speed limit - in theory the distance 
connecting two points through a 
wormhole might be much shorter 
than the distance across normal 
Space - so you could fly down 
a wormhole at conventional or 
‘subluminal’ speed and still reach your 
destination more quickly than a beam 
of light taking the long route between 
the same two points. 

Wormholes are a fascinating area 
of study for theoretical physicists, 
but they still present huge problems. 
Although nothing in general relativity 
forbids their existence, their existence 
could undermine causality and 
even (as American cosmologist Kip 
Thorne proved) be used to build a 
time machine. For this reason, some 
experts have speculated that a real-life 
wormhole would have to connect with 
a parallel universe rather than another 
part of our own. 

What's more, in 1962 John Wheeler 
showed that the forces around any 
naturally forming wormhole would 
cause it to close up within an instant 
of its creation - sustaining an artificial 
wormhole would require the use of 
‘exotic matter’ with negative energy 
density (something which sounds 
entirely fantastical but may not be 
as far-fetched as it sounds - see our 
interview with Dr Richard Obousy, the 
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5. Final destination @ 


®@ 1. Departure point 


An artificial wormhole could be created 


close to Earth, or a modified natural 


one could be ‘dragged’ to a convenient 


location using gravitational forces. 














The other end of the wormhole may emerge 
in a completely different part of the universe, 
perhaps millions of light years away. 


president of Icarus Interstellar, on the 
following page). 

But even if wormholes do turn out 
to be impossible, things aren't quite 
as bad as they seem. If a starship 
could achieve sufficient speed for the 
effects of special relativity to kick in, 
it could take advantage of the time 
dilation effect. While everything 
would seem normal for the crew, 
their experience of time would be 
slowed down considerably compared 
to the surrounding universe, so that 
a journey of several dozen light years 
at near-light speed might only take 
a few months for those on board the 
starship. Such a mission would be a 
one-way ticket into the future, leading 
to some rather strange phenomena 
- for example, an explorer might 
witness their twin sibling left behind 
on Earth age much more rapidly. 
Sceptics about Einstein's theories have 
tried to suggest there is a paradox 
here - surely both twins should 
see the same phenomenon? But 
this is ignoring the fact that special 
relativity only applies to ‘inertial’ 
(non-accelerating) situations - and the 
explorer twin will likely spend a great 
deal of their voyage either accelerating 
or decelerating. 


In theory, if a spacecraft could 
reach sufficient speed, time dilation 
would allow humans to make not 
just interstellar, but even intergalactic 
trips in manageable time spans. But 
there are huge practical challenges in 
generating the power needed to reach 
such speeds - suggested mechanisms 
include controlled nuclear explosions, 
and the transfer of energy from 
powerful laser beams. 

Perhaps the most intriguing 
possibility of all, though, is the 
‘warp drive’ whose principles were 
outlined by Mexican physicist Miguel 
Alcubierre in 1994. Alcubierre’s 
research described how a bubble of 
Space-time, driven forward by the 
expansion of space-time behind 
it and contraction in front of it, 
could theoretically propagate across 
the universe at hyperfast speeds, 
without requiring the spacecraft 
within this bubble to break the light- 
speed barrier in its own frame of 
reference. Alcubierre’s idea was purely 
theoretical, but it has so far stood up 
to scientific criticism, and scientists 
such as Dr Richard Obousy of Icarus 
Interstellar have now proposed ways 
in which such a drive might be created 
in practice. @ 


"In theory time dilation would 
allow ne alactic trips ina 
manageable time frame” 


® 2. Warped space-time 
The entrance to the wormhole 
creates a gravitational well - a 
‘dent’ in space-time. 


® 7. Faster 

than light 

By taking the wormhole 
‘shortcut’, a spacecraft 
travelling at relatively 
Slow speed can still 
travel between one end 
and the other far more 
quickly than light. 








® 6. Artificial highway 
In order to prevent the 
wormhole closing up, 
some kind of ‘exotic 
matter’ is required. 





Lightspeed pioneer: 


Kip Thorne 


US physicist Kip Thorne is one 
of the world’s leading voices on 
wormholes. He has spent much 
of his career investigating the 
plausibility of these tunnels in 
Space-time, showing how they 
could be used for faster-than- 
light travel. He first investigated 
the possibility of wormhole- 
based time travel when Carl 
Sagan asked him for advice 

on the time machine featured 
in his novel Contact, and has 
Since made contributions to 

the investigation of time travel, 
suggesting that ‘backwards time 
travel’ (to a period before such 
a time machine was created) 
should be impossible, and that 
the laws of physics may prevent 
many of the paradoxes beloved 
of science fiction authors. 
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Faster than light 


“Loopholes in the 
restrictions of special 
relativity have been 
appearing in physics 


ng wa 


for some time” 





“8 drives and wormholes 


Dr Richard Obousy, president of Icarus 
Interstellar, tells All About Space how 
science is beginning to encroach on 
the stuff of science fiction 


What first got you interested in the 
subject of interstellar travel? 

My interest in space and space 
exploration was galvanised by my 
interest in astronomy. I remember in my 
early teens happening upon a book on 
astronomy which opened my eyes to 
the vastness of the universe and helped 
me trealise that there’s so much more 
than our small planet. I also developed 
an interest in science fiction around the 
Same time and read everything I could 
by sci-fi greats like Clarke and Asimov, 
which compelled me to explore the 
technical aspects of interstellar flight. 
Conventional proposals for travel to 
the stars still present huge technical 
challenges, even if they don't require 
groundbreaking physics... 

Yes, because the stars are so far away 
one typically has two options. Either you 
travel very fast, or you take a very long 
time to get there. For the first option 
chemical rocket fuel is inadequate to 
make trip times on the scale of human 
lifetimes, so one has to look into more 
exotic means. One proposal made 
initially by the British Interplanetary 
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Society in the Seventies called Daedalus 
involved detonating thermonuclear 
pulse units inside a reaction chamber at 
a rate of 250 detonations per second over 
a period of several years. This would 
have allowed the spacecraft to reach a 
top speed of 12% the speed of light. 

But if you get close to the speed of 
light, strange things start to happen... 
Yes, Einstein showed us that, as an 
object's velocity increases, relativistic 
effects manifest themselves. One 
example is time dilation, famously 
explained through the ‘twin paradox’. 
In this example twin A stays on Earth, 
and twin B crews a starship travelling 
close to the speed of light. When twin 

B returns to Earth she's aged but a few 
months, while twin A is now in old age. 
But even with time dilation, you're 
still looking at very long journey 
times - are there any other options? 
You'd be looking at long trip times from 
the context of an Earth-based observer. 
Loopholes in the restrictions of special 
relativity have been appearing in 
physics for some time. The two most 


famous examples are the wormhole 
and the ‘warp drive’. Wormholes are 
essentially tunnels through space-time 
that connect two distant points and 
allow for near-instantaneous travel 
between them. A warp drive is a specific 
distortion of space-time that contracts 
the space-time in front of a ‘craft, 
allowing one to travel by manipulating 
space instead of moving through it. 
Space-time itself isn't restricted by 
special relativity, which is why these 
constructs are so fascinating. 

However, all faster-than-light (FTL) 
schemes are speculative at this stage 
and require exotic matter to create and 
prodigious amounts of energy. None are 
practical with today’s technology. 
You've recently been looking at how a 
warp drive might operate in practice? 
That's not strictly correct. I was looking 
at a model of dark energy, which is an 
energy field that has the effect of causing 
Space-time to inflate. I examined the 
energy requirements necessary to 
artificially amplify the magnitude 
of dark energy in the vicinity of a 
Spacecraft to create the type of space- 
time modification one would need. 

But the nature of dark energy is a big 
mystery in itself... 

It’s called theoretical physics for a 
reason. Under the models I looked at, 
dark energy can be explained through 


an enigmatic form of energy known as 
Casimir energy, which has a non-zero 
value in the higher dimensions of space 
that have become popular in recent 
‘superstring’ theories of the universe's 
fundamental structure. Dark energy 
itself is an artefact of higher-dimensional 
Casimir energy, showing up in the four 
dimensions that we can perceive. 

My analysis showed that the energy 
requirements to create a warp bubble 
could be reduced dramatically - instead 
of requiring the mass energy in a typical 
galaxy to create the warping effect, ‘all’ 
you'd need is the mass energy contained 
within the planet Jupiter. 

And by manipulating space in this 
way, you could actually reach or 
exceed the speed of light? 

Yes, one could stimulate space-time to 
behave in such a way that it mimics the 
classical warp drive. 

Is there any hope of testing it? 

Some work I did in 2009 indicated that 
it could be tested with energy levels 
accessible by the Large Hadron Collider. 
I'd like to encourage theoreticians not to 
shy away from using theoretical physics 
to explore novel propulsion paradigms. 
It was barely 70 years from the discovery 
of the subatomic constituents of the 
atom to the first working nuclear 
thermal rocket. First comes the physics, 
next comes the technology. 
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Launched in 2007, Dawn's goal 
is to bring back photographs and 
information from two of the asteroid 


belt's largest residents: Ceres and Vesta. 


Dawn used a ‘gravity assist’ from 
Mars to get to its first science stop, 
Vesta, whipping past the Red Planet in 
February 2009 to pick up speed and 
Soar to its destination. 

The spacecraft has an engine on 
board to kick up additional speed, 
if needed. Powered by solar panels, 
it alters the molecules of the xenon 
fuel to create an electrical charge. The 
ionised fuel is then passed through an 
electric field to make it go faster. 

This engine - called an ion engine 
- can accelerate Dawn to a speed 
ten times faster than conventional 
rockets. The downside is it takes 
much longer to fire the ion engine to 
produce the high speed needed. In 12 
days, according to NASA, Dawn can 
increase its velocity by more than 290 
kilometres per hour (180 miles per 
hour). Wait a year, and the speed will 
increase by 8,850 kilometres per hour 
(5,500 miles per hour). 

Since flying to space is expensive, 
fuel efficiency is a priority for 
spacecraft designers. Ion engines, 
for these engineers, are a fuel-saving 
dream. In a year of firing the engines, 
Dawn will only use 15 gallons of fuel. 
In car equivalents, that’s how much 
fuel it takes to power a mid-sized car - 
on just one tank of gas. 

Dawn plunked itself into an orbit 
at Vesta, a 525-kilometre (326-mile) 
wide asteroid, in July 2011. Vesta is the 
third-largest asteroid in the belt. It was 
found in 1807 by Heinrich Olbers. 

After adjusting the orbit and 
calibrating instruments, Dawn got 
to work. Below on Vesta was a dry, 
basaltic surface covered in craters. The 
spacecraft began in a high orbit before 
spiralling down to get a closer look. 

“We had the hypothesis that a set 
of meteorites that are on the Earth... 
were from Vesta. It was the parent 
body,” says Christopher Russell, the 
University of California's principal 
investigator for the Dawn mission. 

“If you believe that, then analyse 
geochemically the composition of the 
meteorites, it implies Vesta has an iron 
core with a basaltic surface, and in 
particular, minerals such as pyroxene.” 

The scientists were initially 
surprised to find a large mountain on 
Vesta's surface, but some research in 
the Fifties and Sixties had predicted it. 

Three times larger than Everest, the 
24-kilometre (15-mile) high mountain 
in Vesta’s southern atmosphere is 
among the tallest in the Solar System. 
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Another interesting finding: Vesta 
appeared to have a very young 
surface in its southern atmosphere. 
From counting craters, the scientists 
estimated that features there are as 
young as 1 billion to 2 billion years 
old. That's less than half the age of our 
4.5-billion-year-old universe. 

Long-term observations yielded a 
temperature map of the entire surface, 
which led scientists to speculate that 
ice water could survive in the areas 
around the north and south pole. 

This is an important finding, as 
some scientists believe life on Earth 
was ‘seeded’ by comets and other 
small bodies - similar to Vesta - in the 
Solar System. 

Scientists have seen ice on Mercury 
and the Moon, so such a hypothesis is 
not wholly unexpected - although on 
those worlds, the ice exists in craters 
that are permanently shielded from 
sunlight. Vesta’s craters are too shallow 
to protect ice from the Sun, but the 
little world is a lot further away from 
the Sun. Less heat warms its surface, 
giving it an average temperature of 
less than -138 degrees Celsius (-200 
degrees Fahrenheit) at the poles. 

Science results are still pouring in 
from Vesta, but in September 2012, 
Dawn began its journey to its final 
planned destination: Ceres. 

This rocky body is so big - 933 
kilometres (580 miles) - that it is 
now known as a ‘dwarf planet’. Ceres 
officially received that designation in 
2006, at the same time that Pluto was 
taken off planetary status. 


Scientists suspect there could 
be water ice below Ceres’s surface 
because its density is much less than 
that of Earth. Also, the dwarf planet's 
surface has evidence of ‘water-bearing 
minerals’, or minerals that tend to 
form in the presence of water. 

Ceres probably has a ‘differentiated’ 
interior. It would have a more dense 
core, with the lighter materials 
moving towards the surface. Earth 
and our rocky neighbours also have 
differentiation, suggesting Ceres has 
planetary characteristics. 

We've known about Ceres since 
Father Giuseppe Piazzi spotted it in 
1801. Ceres turned out to be the first 
in a long series of asteroid discoveries 
that is ongoing today. 

The Dawn team is even offering 
‘citizen scientists’ a chance to get 
involved. Asteroid Mappers recently 
launched, inviting the public to scour 
unprocessed Vesta images for craters, 


boulders and other interesting features. 


‘I'm happy with not just the fact 
that these people are doing work that 
we're going to find useful, but also that 
it satisfies their curiosity,” Russell said. 

“Perhaps it will inspire some of the 
younger ones to go into planetary 
science and contribute to the ongoing 
exploration of the Solar System.” 

Despite some setbacks, Dawn is in 
good shape to keep exploring the Solar 
System for the next few years, at least. 
“The spacecraft is beginning to age,” 
Russell admits, but he expects Dawn 
will have no trouble completing its 
mission at Ceres. @ 


Dawn's flight trajectory 


1. Liftoff @ 


Dawn left Florida's Cape 
Canaveral in a quest to 
understand more about the 
early Solar System. To do so, 
NASA planned to visit the 
asteroid Vesta and dwarf 
planet Ceres. 


2. Gravity boost ® 
To pick up speed at low cost, 
NASA swung Dawn by the 
planet Mars. The procedure, 
known as a gravity assist, cuts 
down on the amount of fuel 
necessary for the mission. 
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Vesta 

Vesta revealed a few surprises 
when Dawn visited in 2011 and 
2012. It has a mountain three times 
taller than Everest, and possibly 
has ice sprinkled on its surface. The 
possible ice is important, as it gives 
clues to how water formed in the 
Solar System - and possibly, how it 
came to be on Earth. 





Ceres 

Dawn will arrive at Ceres in 2015. 
Scientists expect to find evidence 
of water ice based on past Hubble 
Space Telescope observations. 

So far, they know that Ceres has 

a small density (which suggests 
water) and that the surface possibly 
has ‘water-bearing minerals’. 





® 3. Vesta 
Dawn spent about 
a year orbiting 
Vesta, discovering 
features such as a 
large mountain and 
possible ice below 
the surface regolith, 
or soil. 


® 4. Ceres 

Dawn is currently 

en route to Ceres, 

a dwarf planet. 

The spacecraft will 
search for water ice 
when it arrives there 
in 2015. 
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A frozen world on the outermost limits of our 
Solar System, Neptune is a mysterious planet 
with its own unique characteristics 
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All About Neptune 


Each planet is unique, and Neptune's 
claim to fame is being the first planet 
to be discovered not by observation, 
but by prediction. French astronomer 
Alexis Bouvard spent a lot of time 
closely observing the orbit of 
Uranus, and detected a gravitational 
perturbation that he deduced could 
only be explained by the existence of 
another planet. From his observations, 
other astronomers calculated the 
location of Neptune. To be fair, Galileo 
actually spotted Neptune more than 
200 years before, but since he thought 
it was a Star, he didn't get the credit. 
There's still some debate over 
who did deserve the credit - French 





astronomer Urbain Le Verrier or 
British astronomer John Couch Adams 
- and some sources include a third 
astronomer, Johann Galle of Germany. 
At any rate, Galle was the first to look 
at Neptune and understand what he 
was seeing, using calculations from 

Le Verrier, on 23 September 1846. He 
discovered Neptune's largest moon, 
Triton, shortly afterwards. Given the 
distance - 4.3 billion kilometres (2.7 
billion miles) from Earth - Neptune is 
not visible to the naked eye. But if you 
use strong binoculars or a telescope, 
you'll see the planet as a small blue 
disc. Until powerful modern telescopes 
on the ground and the invention of 


“Neptune has some of the 
fastest winds in the Solar 


System, at around 2,000km/h" 


Seasons on Neptune 
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Neptune has four seasons in each 
hemisphere, just like Earth, but each 
one lasts about 40 years. 
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The cloud bands in the southern 
hemisphere brighten as spring begins 
on Neptune. 


This image of the planet Neptune, seen as a small 
blue disc in the centre, was taken from the Earth in 
1998 using a camera fitted to a telescope 


the Hubble Space Telescope, it was 
difficult to really study Neptune. 
Neptune is the third-largest planet 
by mass, and 17 times the mass of 
Earth. It's also the fourth-largest 
planet by diameter. As the eighth 
planet from the Sun, Neptune was the 
furthest known planet until Pluto was 
discovered in 1930. Although it’s back 
to being the outermost planet since 
Pluto's demotion, Neptune was still 
occasionally the outermost planet prior 
to that because Pluto's eccentric orbit 
caused it to cross inside Neptune's 
orbit on occasion. It's one of the four 
gas giants, and is also called Uranus’s 
‘twin’. Because they're very similar in 
composition, both planets are often 
known as ice giants to distinguish 
them from Jupiter and Saturn. They're 
mostly made up of hydrogen and 
helium, with ices of water, methane, 
and ammonia, surrounding an icy 


2002 

There are about 20 more years 
of lightening clouds before the 
seasons change. 





rock core. While the methane content 
results in Uranus having a blue-green 
colour, Neptune is a brighter blue. 
We're not sure what in the atmosphere 
intensifies the colour. Neptune also 
has an extremely cold atmosphere 
like Uranus, topping out at about 

-218 degrees Celsius (-360 degrees 
Fahrenheit) in the upper levels. 

Although Neptune doesn't have the 
extreme horizontal tilt of Uranus, its 
magnetosphere is strongly tilted away 
from its rotational axis, at 47 degrees. 
Neptune also has a ring system and 
more than a dozen known moons. But 
that’s where the similarities mostly 
end between the two planets. Uranus 
has a relatively dull atmosphere, for 
example, but there's lots happening 
weather-wise on Neptune. When 
Voyager 2 flew by in 1989 (the 
only spacecraft to visit Neptune), it 
observed lots of interesting weather. 
This includes some of the fastest 
winds in the Solar System, at around 
2,000 kilometres per hour (1,240 miles 
per hour). 

Neptune's tilt is much like Earth's 
at 28.32 degrees, so it has regular 
seasons, which happen to last about 
AO years, because at 4.50 billion 
kilometres (2.8 billion miles) from the 
Sun, it has an orbit of 164.79 years. 
That means that in 2011, it completed 
its first orbit since it was discovered. 
Neptune's gravitational pull also has 
an impact on the Kuiper belt, a large 
ring of tiny, icy objects - including the 
dwarf planet, Pluto. Neptune's gravity 
has destabilised areas of the belt, 
and it has also created a resonance 
between the planet and at least 200 of 
the objects. @ 
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Neptune's blue 
appearance is believed 
to be caused partly 

by the methane in its 
outermost regions 





Orbit and tilt | | Neptune is 3.9 times bigger than the 


Earth by diameter, and you could fit 
57 Earths inside one Neptune 


Orbit @ 
It takes around 
164 years for 
Neptune to 
complete one 
orbit around 
the Sun. 


es 









Rotation @ ——— 
The planet completes one rotation y @ Tilt 
in about 16 hours; this varies as Neptune has an axial tilt very 
different aspects of its atmosphere similar to that of Earth's at 
rotate at slightly different speeds. 28.32 degrees. 


The planets in relation to the Sun eer 


Neptune lies 4.50 billion km (2.8 billion miles) from the Sun and 4.3 billion km (2:7 billion miles) from Earth 
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Neptune 
inside and out / 


Neptune is a lot like Uranus, but brighter 


blue, warmer and with more active weather 


Like Uranus, Neptune is a gas giant 
but not solely comprising gases. 

Its core contains silicate rock, iron 

and nickel and is a little larger than 
planet Earth. Neptune's core is also 
under great pressure (twice as much 
pressure as the Earth's core) and about 
5,100 degrees Celsius (9,200 degrees 
Fahrenheit). The mantle surrounding 
the core is icy, but that's a relative term 
when it comes to planet temperatures 
because it's actually a hot, dense 
liquid. Made of methane, ammonia, 
and water, the mantle is electrically 
conductive and its temperature ranges 
between 1,700 degrees Celsius (3,100 
degrees Fahrenheit) and 4,700 degrees 
Celsius (8,500 degrees Fahrenheit). 
The mantle may also consist of 
additional layers, including a layer 

of ionised water (with electrically 
charged hydrogen and oxygen) and a 
deeper layer of superionised water. 


atte 
magnetosphere 


Magnetopause 


Neptune's atmosphere surrounding 
the mantle is about 80 per cent 
hydrogen, 19 per cent helium, and 
the rest traces of ammonia, water 
and methane. The methane, which 
absorbs red light in the spectrum, 
gives Neptune its colour. Since the 
atmospheric composition is supposed 
to be very similar to that of Uranus’s, 
there must be something else in the 
atmosphere that makes Neptune a 
bright blue versus Uranus'’s bluish- 
green. It has two main divisions - the 
troposphere and the stratosphere. 
The troposphere probably has 
several different types of cloud 
bands, depending on where they're 
located. The lowest levels are clouds 
of hydrogen sulphide and ammonia. 
Then there are water ice clouds as 
the temperature drops, at a pressure 
of 50 bars. A cloud layer of water, 
hydrogen sulphide, ammonia and 


ammonium sulphide floats above 
five bars of pressure. Between one 
and five bars, in the uppermost layer 
of the troposphere, the clouds are 
ammonia and hydrogen sulphide. 
Bands of these clouds wrap around 
the planet, casting shadows on 
opaque clouds below them. 

Neptune is warmer overall 
than Uranus. Its stratosphere has 
traces of carbon monoxide, and 
the thermosphere is unusually 
warm at 480 degrees Celsius 
(900 degrees Fahrenheit) given 
Neptune's distance from the Sun. 
The planet radiates more than twice 
the energy of Uranus and receives 
only 40 per cent of the sunlight of its 
twin, yet has about the same surface 
temperature. We aren't sure why, but 
these differences in heat may be why 
Neptune has weather like storms and 
high winds, while Uranus does not. @ 





Magnetic field 
Neptune's magnetic 
field is a dipole, but 
also has quadrupole 
moments - complex 
ear larscm nam eecye lie 
in multiple poles 
and currents. 


Planet centre 

Neptune's magnetic field is 
tilted 47 degrees from its 
axis, and offset from the 
planet's centre by 13,500km 
(8,400 miles). 


The area where the solar wind meets up 
against the magnetosphere, is at a distance 
of 23 to 26 times the radius of the planet. 
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Supersonic 
winds and 
storms 


Neptune's massive winds and storms set it 
apart from Uranus. Most of the winds blow 
in retrograde rotation (opposite the planet’s 
rotation), but the general pattern is prograde 
rotation (in the direction of the planet) in 
the higher latitudes and retrograde rotation 
in the lower latitudes. The winds reach 
almost 2,000 kilometres per hour (1,240 
miles per hour) - nearly supersonic speeds. 
On Voyager 2's flyby in 1989, it observed 
a massive anti-cyclonic storm that was 
13,000 by 6,600 kilometres (8,700 by 4,100 
miles) in size. The storm was dubbed the 
Great Dark Spot. It wasn't present when the 
Hubble Space Telescope viewed the planet 
five years later, but another storm was 
found and given the name. Neptune also 
has other large storms named the Scooter 
and the Small Dark Spot. 











Neptune has storms, including 
hurricane-force winds that constantly 
blow around the planet 





® Core 


Neptune has a small rocky core 
of iron, nickel and silicates. 


® Mantle 
The icy fluid mantle comprises 
ammonia, water, and methane. 









Atmosphere @ 
P ® Atmosphere 


The layered atmosphere of 





_ 


Mantle @ Neptune is mostly hydrogen, Special processing of this Neptune image 
and with different cloud taken by Voyager 2 shows the variations in 
compositions depending on temperature in its atmosphere 

Core ® their elevation. 
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Moons and rings 






Neptune has two very different groups of moons - inner 
moons with regular, circular orbits, and outer moons with 
irregular, eccentric orbits 


Neptune has 13 known moons. Triton 
is by far the largest moon, comprising 
more than 99 per cent of the total 
mass in orbit around the planet. It has 
a diameter of 2,705 kilometres (1,700 
miles) and is the only spheroid moon. 
Triton was probably a dwarf planet in 
the Kuiper belt before being captured 
by Neptune’s orbit. Astronomers 
oYeNCatom LM ec loe=1 0 RONKa6 MDAIKarle men 
forming as a satellite because it has 

a retrograde orbit - it circles Neptune 
opposite of the planet's rotation. 
Triton has an irregular orbit, and 

is the second known moon (along 
with Saturn's moon Titan) to have an 
atmosphere. The atmosphere mostly 
comprises nitrogen, with some trace 
amounts of carbon monoxide and 
methane. It is also one of the coldest 
objects in the Solar System. The moon 
is very dense, and is probably two- 
thirds rock and one-third ice. 

Triton is one of the seven 
outermost moons, which have 
irregular orbits. The next moon to be 
discovered, Nereid, was discovered 
in 1949. It is the third-largest moon. 
Unlike Triton, it has a prograde 
orbit. Nereid’s orbit is also extremely 
eccentric - it gets as close as 1.4 
million kilometres (850,000 miles) to 


Neptune, but is 9.6 million kilometres 
(5.9 million miles) at its furthest 
point. The cause of its eccentricity 
is unknown, but it may have been 
perturbed by Triton, or have been 
a Kuiper belt object like Triton that 
was captured. We don't know exactly 
what Nereid looks like or what shape 
it takes. Two of the other irregular 
moons, Sao and Laomedeia, have 
prograde orbits. Both were discovered 
in 2002. Halimede, Psamathe and 
Neso all have retrograde orbits. 
Halimede and Neso were discovered 
in 2002, and Psamathe a year later. 
Neso and Psamathe both orbit very far 
away from Neptune; Psamathe orbits 
at 48 million kilometres (30 million 
miles) away. Both of these moons may 
have come from a larger moon. 

The six inner moons have 
regular, prograde orbits: Naiad, 
Thalassa, Despina, Galatea, Larissa 
and Proteus. Little is known about 
the four innermost moons, except 
that they are small and irregularly 
shaped. All of these likely formed 
from debris leftover when Triton 
was pulled into orbit. Naiad is the 
innermost moon and was discovered 
in 1989 by Voyager 2. It orbits just 
23,500 kilometres (14,600 miles) 


“Triton comprises more than 
99 per cent of the total mass 
in orbit around the planet” 


Although Proteus is the second-largest moon, it ae is sf YS 
wasn't discovered until 1989 because of its dark <r } ee 


surface and close proximity to the planet 








This image of Triton taken in 1989 
in shows its icy surface, including a 
+). ~ © graben (dropped fault block) about 
35 kilometres (20 miles) across 


above Neptune. Thalassa was 
discovered around the same time. 
These two innermost moons orbit 
between two rings, Galle and Le 
Verrier. Despina, the third-closest 
moon, lies inside the Le Verrier ring, 
and the next moon, Galatea, may 
serve as a Shepherd moon, holding 
the Adams ring in place. 

Larissa, the fourth-largest moon, 
was discovered in 1981. It is known to 
be about 200 kilometres (124 miles) 
in diameter and with an elongated 
shape. It’s also heavily cratered. 
Proteus, the outermost of these 
moons, is also the second-largest 
moon in orbit around Neptune. 
Voyager 2 also discovered it, and we 
learned then that it is at least 400 
metres (248.5 miles) in diameter. 
Proteus is also heavily cratered. 

Neptune's ring system was 
first spotted in 1984 in Chile, by a 
group of international astronomers. 
Astronomers prior to this had 
suspected rings when observing dips 
in the brightness of stars viewed 
between the observer and the planet. 
The existence of the rings was proven 
by images taken by Voyager 2, and we 
have since viewed the brightest rings 
using the Hubble Space Telescope 
as well as Earth-based telescopes. 
Ont com- bom PAU cmONC]U BUN SDB TSscMmar-Henlcre min] 
order of their distance from Neptune: 
Galle, Le Verrier, Lassell, Arago and 
Adams. Galle is a very faint ring, 
named after the first astronomer to 








view the planet. The next ring, Le 

Verrier, is extremely narrow at just 
113 kilometres (70 miles) wide. Le 

Verrier may be confined by the moon 

Despina, which orbits just inside it. 

Neptune's widest ring, Lassell, is 
also called the plateau. It’s a thin 
sheet of dust stretching from Le 
Verrier to the next ring, Arago. Some 
don’t consider Arago to be a ring at all; 
it looks like a bright rim around the 
edge of Lassell, but is less than 100 
kilometres (62 miles) wide. 

We know the most about the 
outermost ring, Adams. It is a narrow 
ring slightly slanted. The moon 
Galatea shepherds the Adams ring 
and creates ‘wiggles’, or perturbations, 
at 42 different places in the ring. 
Adams has an unusual feature: 
five bright spots called arcs located 
along the ring, where the particles of 
dust are clustered together. They're 
named Fraternité, Fgalité 1, Egalité 
2, Liberté and Courage. Courage is 
the faintest, while Fraternité is the 
brightest. Ground-based telescopes 
first detected them, and Voyager 2 
confirmed their existence. They have 
dimmed slightly since their discovery 
and some of the arcs seem to have 
moved slightly, but overall they are 
stable. We just aren't sure why the 
dust particles have clustered together 
in those areas. There could be as-yet- 
undetected moons or moonlets, or the 
arcs could be caused by an unusual 
resonance with the moon Galatea. @ 


Voyager 2 took these two images 
of Larissa, the fifth-closest moon 
of Neptune. It is cratered and 
irregularly shaped 
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nitrogen ice, but the,reason for, |= 
- amazing moon its appearance is a mystery. ; 
) 3. Strange spots ass 
These dark maculae 
are likely deposits of 
nitrogen dust from 


geyser explosions. Se SS 


1. South pole |) 
The south polar region of ~~ 
Triton has a cap of nitrogen. 
and methane ice. The latter 
reacted with sunlight to turn 
the cap pink. 


: 


1. Galle ; 
Galle is 2,000km (1,240 lites 
miles) wide and orbits a 
Neptune at a distance 

of 41,000 to 43,000km 
(25,500 to 26,700 miles). 


pag Reha 

Le Verrier is 113km (70 
miles) wide and orbits 
53,200km (33,000 
MUSE e 


3. Lassell 

Lassell is more like a 
broad dust sheet than a 
ring, with its orbit around 
Neptune between 53,200 
and 57,200km (33,000 
and 35,500 miles). 


4. Arago 

Arago orbits Neptune at 
57,200km (35,500 miles) 
and is less than 100km (62 
miles) wide. 


5. Adams 

Adams is 35km (22 miles) 
wide and orbits around 
Neptune at 62,900km 
(39,000 miles). 


6. Arcs 

A at=\\-¥- cece em tal) 
particles of dust clustered 
together in the Adams 
ring, named Fraternité, 
Egalité 1, Egalité 2, Liberté 
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Proteus 





and Courage. = 
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numbers 


Fascinating figures about the 
eighth planet from the Sun 


50,0166 


A 1999 study at the University of California 
simulated the atmospheric pressure of 
Neptune and estimated it to be 100,000 to 
500,000 times that of the Earth's 
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Neptune's gravity is 

only 17% stronger ny 
eptune will be 
Seer C Ea ae in its orbit 
ae aol to Pluto than to the 
any planet in the Sun for 248 years 
SES toe as Pluto's eccentric 
orbit takes it inside 
Neptune's 


Neptune receives 1/900th 
of the energy from the Sun 
that the Earth receives 






Triton is locked in synchronous 
rotation with Neptune, so one 
side always faces it. But because 
of its unusual orbit, both poles 
still get time in the Sun 


Neptune's moons are named after 
Greek and Roman water deities, since 
OCI AM ISIC aC Mela MmIAcRXee me) Mia 
sea. None of the moons were named 
immediately after discovery - in Triton’s 
case, it took over 100 years 
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) All About Neptune 
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Explorin 
Neptune 


Voyager 2 revealed much of what we know about 
Neptune, but we've continued to make discoveries 


Neptune has only been visited once, but it was 

a fruitful trip. Voyager 2 did a flyby of the planet 
on 25 August 1989 and provided us with a lot of 
images and data. The probe came within around 
5,000 kilometres (3,000 miles) of Neptune's north 
pole. It studied the planet's magnetosphere and 
atmosphere, revealing the active weather systems, 
cloud layers, high winds and large storms known 


MOET elOrdeLMmeCB One GlaKes 
what we know about Neptune 
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as spots. It learned that Neptune has auroras, and 
that its days are 16 hours and seven minutes long. 
During the trip, Voyager 2 also made some important 
discoveries. It discovered four of Neptune's rings, the 
ring arcs in the Adams ring and five of Neptune's 
moons. The probe sent back the first images of three 
of them: Triton, Proteus and Nereid. Its encounter 
with Neptune was Voyager's last stop on its journey, 
so NASA flight controllers programmed the probe 

to come very close to Triton to gather information, 
regardless of the trajectory it took afterward. It came 
within 40,000 kilometres (25,000 miles) of Triton 
and revealed that the moon has a thin atmosphere, 
polar caps and active geysers. 

Although we learned the bulk of what we know 
about Neptune from Voyager 2, astronomers have 
continued to study the planet using the Hubble 
Space Telescope as well as land-based telescopes 
at observatories such as the Keck Observatory in 
Hawaii. Neptune's rings and Adams’ arcs were both 
photographed for the first time this way in 1998. Five 
additional moons were discovered using land-based 
telescopes in 2002 and 2003. So, although there are 
currently no missions planned to visit the planet 
in the near future, astronomers continue to study 
Neptune to learn more. @ 
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This image of Triton shows the moon's grooved surface, 
which was probably caused by melting on its icy surface 


Node er ACN AES 
first captured by Voyager 


This striking photo of Neptune, with 
Triton as a crescent underneath, was 
taken by Voyager 2 
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Voyager 2 - 
toate 
only visitor 


nee cee ln (e ee 
spectrometers 
These instruments captured 
images of the planets 
encountered along the way 
and measured radiation and 
atmospheric properties. 
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The magnetometer 
investigates magnetic 
fields and the interaction 


of the solar winds with 
the magnetosphere. 


__ High Gain Antenna 
Used to communicate with 
Earth during the mission. 





Gearon tym Blecaree)s 
The CRD studies 
interstellar cosmic rays 
to determine their origin, 
behaviour and interactions 
with planetary mediums. 
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Mission 
Profile 


Voyager 2 

Mission dates: Flew by Neptune 
on 25 August 1989 

Goals: A tour of the four gas giants 
Findings: Neptune was the last 
planet in our Solar System to be 
explored when Voyager 2 made its 
closest approach in August 1989. 
As the only spacecraft to visit 
Neptune, Voyager 2 has taught us 
almost everything we know about 
the gas giant. 

Voyager 2 discovered the Great 
Dark Spot, a giant storm on 
Neptune's surface, and performed 
a flyby of Neptune's largest moon, 
Triton. It also discovered four of 
Neptune's rings, the ring arcs in 


; 1) the Adams ring and five of the 
if planet's moons. 


a ® Radioisotope 


Thermoelectric 
Generators 

These electric generators 
power the spacecraft through 
means of radioactive decay 
of plutonium-238. 





L Selmi 


These trackers sense the 
location of the Sun and stars, 
helping to keep the spacecraft 
oriented correctly. 


“Astronomers continue 
to study Neptune 
from afar” 
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Bulldozer 

Rt MEAE Ree] RCO el BLS) 

iron and nickel could 

be collected from the 
. surface of the planet 

for building projects 

and processing... i» 


Astronauts a 

Just as on the Moon, astronauts need 
to wear protective spacesuits and 
carry their own oxygen supplies when 
WVo)ad[ay2Me)amdal=M Elmar] eel a r-lee 
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Martian aircraft fo 
Huge blimps or glider-like aircraft could easily 
extend the exploration of Mars and be used 
to transport cargo to areas inaccessible to 
TUT a rele=MaV(=1 pele WYLe lee PAL gem eel el (eM el-meLy-re| 
to power propeller-driven aircraft. 
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7. Spheres 














These can be 
used to store 
oxygen, waste 
products and fuel. 
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Mars vehicles 
Surface transport vehicles could be 
supplied in kit form, from Earth. Later, 
cars could be built using local resources, 
and methane fuel cells could power their i | J 2 
electric motors rather than solar power. 


ste mame “Tt is'important for the human race to 
Bh spread out into space for the survival 
er erent a ho of the Species” stephen Hawking 
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The five most important 
people in the search for 








Dr John Mather 
Dr Mather is a senior project scientist on 
NASA's James Webb Space Telescope. 

This giant space observatory will launch in 
2018 and will aid in the hunt for potentially 
habitable planets outside our Solar System. 
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Dr Jennifer Eigenbrode 

Dr Eigenbrode is a biogeochemist at 
NASA who specialises in astrobiology. 
She's looking for signs of life in the 
smallest places, including looking for 
biosignatures in rocks and ice on Mars 
through the Curiosity rover. 
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Dm aa ele ie DrJohnElliott " * . * | ee : 
Dy cae) now.retired; iS _Involved with SETI since 1999, Dr * Search iroyg life At 
an American astronomer. oh aaa tele Cel ol nT a 
He previously worked . : ts out how we'd’ decipher, and i a Ay 
for SETI and in 1977 he ) respond to an alien signal. He is a ‘ 
Role Tefal famous | |.» +» Reader in Intelligence Lanett if a hs ii 
Wow! signal, which just eee , at Leeds Metropolitan University ' ' he . 
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Heis alsoawriter and, 
hosts the Big Picture. 4 


_ Science radio show. 


Search for life 


The Arecibo 


On 16 November 1974, astronomers including Dr 
Frank Drake and Carl Sagan devised a message 

to send into the distant reaches of space. The 
message was intended to show the possibilities of 
communication with a potential intelligent race, 
rather than actually attempting to make contact. 


1. Numbers 
The numbers one to ten 
written in binary. 


2.DNA 

These represent the 
atomic numbers of the 
elements that make 





4. Double helix 


A graphic of the double 
helix structure of DNA. 


5. Population 
A figure of a human 
and Earth's population. 


6. Solar System 


up DNA. A graphic depicting the 
3. Formula Solar System. 

These are the formulas 7. Dish 

for the sugars and A graphic of the Arecibo 


bases in DNA. 
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dish and its dimensions. 


Every month we hear of incredible new exoplanets 
in planetary systems seemingly like our own, and we 
learn more in the search for past or present microbial 
life as missions like Curiosity gain worldwide 
attention, but for some reason the notion that we 
might be just one intelligent race among many is yet 
to receive much support from the public at large. 

Many people today still seem to have the same 
opinion that was prevalent in the mid to late 20th 
Century, that aliens are something that belong 
only to the realm of science fiction, but this is in 
the face of overwhelming evidence to the contrary. 
With every passing year, every new discovery of 
an exoplanet, every observation of frozen or liquid 
water on other bodies in the Solar System, it becomes 
harder and harder to argue that we are alone in our 
galaxy, let alone the entire universe. 

In fact, it’s a position that even notable astronomers 
are taking up. “We can't be the only instance of a 
race, we just can't be,” said the late Sir Patrick Moore 
when talking to us in the fourth issue of All About 
Space, and he is joined by many others around the 
world who are coming around to the realisation that 
to think humanity is the only instance of intelligent 
life is implausible, ignorant and just plain naive. 

For about half a century we have begun to 
seriously consider the possibility that we are not 
alone, and to prove this hypothesis scientists have 
focused on three areas of research, each equally 
capable of becoming the first to discover life outside 
of the confines of Earth. Throughout this feature 
we've spoken to the five most important people 
within these fields to find out what progress they're 
making in the search for life. 

The first is the Search for Extraterrestrial 
Intelligence, or SETI, which is a privately funded 


international endeavour to discover signals from 

an alien race drifting through the cosmos. Next is 
the search for exoplanets (worlds outside our Solar 
System), an area of research that has only gained 
credence in the last couple of decades. The field 

of planet hunting may be young, but it is already 
providing us with fascinating results that may soon 
help us find an exoplanet just like Earth. The final 
area of research is the search for microbial life, 
fossilised or alive, on other worlds inside our Solar 
System. Until now this has largely focused on Mars, 
but places like Europa and Titan could also prove 
fruitful to explore. 

The oldest of the three areas of research is SETI, 
using antennas around the world to look for alien 
signals. In 1959, Giuseppe Cocconi and Philip 
Morrison, two physicists from Cornell University in 
the USA, suggested for the first time that it might 
be possible to communicate with another intelligent 
race among the stars using microwave radio. “The 
probability of success is difficult to estimate,” they 
wrote in the journal Nature, “but if we never search, 
the chance of success is zero." 

At around the same time a young radio astronomer 
named Frank Drake came to the same conclusion, 
and in the following year he used a 26-metre (85- 
foot) telescope in West Virginia, USA, to conduct the 
first search for alien signals outside our Solar System. 
He found nothing, but his research (including the 
Drake equation, which estimates that the chances of 
life elsewhere in the universe is almost a certainty) 
sparked an interest around the globe that remains 
prevalent to this day. It was in fact the Soviet Union 
in the Sixties that first dominated SETI, observing 
huge portions of the sky at once. They were sure that 
there would be many advanced civilisations emitting 


“We can't be the only instance of a 


race, we just Can't De” sirpatrick Moore 


The Arecibo Observatory ¥ @ 
in Puerto Rico 
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How do you guys analyse incoming data at SETI? 
The data analysis is all pretty automatic. Unless there's 
a signal that’s looking very promising, and that only 
happens every couple of years, then you don't actually 
deal with the data processing. The algorithms in the 
software analyse them and do rather simple tests to try 
to prove if it's really ET, or if it’s AT&T - interference from 
a telecommunications satellite or whatever. 

J 
Are there protocols in place for announcing the 
discovery of an alien signal? 
We've been worrying about the protocols about what to 
do ifwe find a signal. We've rewritten them and they're 
all very nice in a nice little document, but the reality 
is that nobody's going to pay a whole lot of attention 
to protocols if we pick up a signal. And we know that 
because we've had false alarms, like in 1997 when for 
almost a day it looked like we had a signal that was the 
real deal. And did people stick to protocols and say, ‘well, 
we've got to notify these people and those people?’ 
No! None of that happened. It was completely chaotic, 
which it would be. 
What's the next step after the discovery of a signal? 
If you get a signal that looks like it might be ET on the 
line, the first thing you do is to spend an awful lot of 
effort trying to verify that, maybe several days. But in 
all that time while you'te doing this there's no policy of 
secrecy, so lots of people know you've got an interesting 
signal. In 1997, when we had this promising signal 
there were no men in black, the government hadn't the 
slightest interest in any of it, but the media did and they 
started calling me up. 
What happens next? 
After that, every telescope in the world would be aimed 
in the direction of the signal to try to find out how far 


Shostak believes we 

could find an alien 
.. sighal within the 
‘next 25 years 
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away it is and whether there are planets there. Keep in 
mind that the instruments [being] used by SETI are 
not capable of [deciphering] messages. You're getting * 
the bottle [signal] without the message in it, but at least 
you've got the bottle so you know that somebody's 
trying to say something. . 
What would become of SETI? 

There would suddenly no longer be a fight to try to get 
enough money to keep doing the SETI experiment. 
There would be enough money to build much bigger 
instruments and go back and possibly find any message. 
I'm sure there would be a message there. I think that 
immediately SETI would be vaulted from sort of a 
backburner niche science experiment to something that 
many, many people were doing. That's exactly what 
happened with the discovery of planets around other 
stars. There were a couple of guys doing it in the world, 
and suddenly it became an industry. That’s what would 
happen with SETI. 

Would we understand the message? 

Wag eablaop Mana acon II Cama LOM Dea leiBlObraele)e 

thousands of years, maybe more, beyond us. And for 

us to understand the information content of their 
transmissions is probably asking too much. But at least 
you'd know they were there, and that’s really the idea, 
isn't it? You would know that what we have here on 
Earth is pretty nifty, but it’s not a miracle. 

Are you confident we'll find a signal? 

I bet everyone here a cup of coffee that we'll find aliens 
within two dozen years. 


SETI uses the Allen 
Array inits search 4 
for alien life 4 
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DT meyel tp 
Shostak 

Dr Shostak 

is the senior 
astronomer for 
the SETI Institute 
in Mountain View, 
ielmiemalas 
actively involved in 
the hunt for alien 
signals. He is also 

a writer and hosts 
a weekly science 
"radio show. 
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What's your role on the James Webb Space 
Telescope (JWST) project? 
I'm the senior project scientist, which means that I Work 
with the project management and engineering teams 
to define the mission requirements to make sure that 
they are correctly implemented, and with the scientific 
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reer teams to make sure we have understood the scientific 
PTET oe Lee opportunities and their implications for what should be 
project scientist on the built to enable spectacular discoveries. 
James Webb Space ‘ 


What work will you v3 feCoytatew lem de(eeeie aor ae 
and post launch in 2018? 


Telescope. He is alsoa 
senior astrophysicist 


if . 


in the Observational I'll be continuing my role as senior project scientist to 
Cosmology Laboratory make sure our mission realises its potential. Post launch 
at NASA's Goddard 


I anticipate writing observing proposals and working 
with colleagues to write up the results. I hope to be 
lucky and find something that’s a great surprise. 


_Space Flight Center. 


How will JWST aid in the hunt for exoplanets? 
We have two main ways. First, we look at planets 
ef ‘i directly with coronagraphs in three of the four 
| instruments. Coronagraphs block out the 

direct starlight so we can look for planets 
t orbiting nearby, which is primarily valuable 
for large and young planets. Second, we 

watch a star get fainter when a planet 
goes in front of or behind its star [which 
is known as ‘transiting’]. We can get 
amazing details about the planets and 
their atmospheres from this data. 

The Kepler mission has given us 
thousands of candidate planets 
[using the transiting method] and 

UateaVaeheoe- Banco e i eToae DY exer in| 
get areally good target there is 
the possibility that we could find 
signs of water around a large 


"They exist but they are really hard 
to find and probably far away” 


is set to launch in 2018 
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version of Earth, and then we would think such aplanet 
could harbour life. , 
, 
Could a separate star shade be flown near the James 
Webb Space Telescope to block out the light of 
distant stars and help find planets? 
Yes, of course! Our team considered star shades in 
the very early days of conceiving the mission, but the 
technology was clearly not ready in 1996. Now, much 
work has been done by university groups and aerospace 
firms like Northrop Grumman and Lockheed Martin, 
and we know quite well how to design such a shade. In 
my opinion it could be done for a budget that would be 
worth the fabulous planet measurements that could inte 
made. Either a star shade could be built to fly near to 
JWST, or a star shade could be made to work with a we 
telescope. Both are difficult but possible. 


Do youthink we'll find an Earth-replica before 
MAYBE ie pie MA kets 

Yes, I think the Kepler mission will find planets a lot 
like Earth, in the sense of being the right size and 
temperature, orbiting stars a lot like the Sun. But we 
probably won't know much about their properties, so 
we won't be able to say they are ‘exactly’ like Earth. 


Do you think we will ever make contact with an 
icy exeele liebe eats 

I don't think we will make contact with an intelligent 
extraterrestrial race any time soon. I think they exist 
but they are really hard to find and probably far away. 
On the other hand, I really do think it's worth trying! 
We already have technology that could send detectable 
signals across our whole galaxy, but it would only work 
if somebody on the other end knew how to receive 
them. Now our job is to guess how to eavesdrop on 
those other civilisations, if they exist. 


The James Webb Space Telescope 2 
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What are you working on at the moment? 

Iam retired. I enjoy bowling and golf and am involved 
in church activities. I unvolunteered from the Ohio State 
University Radio Observatory back in 2008, so Iam no 
longer actively working much in SETI. 


i 

What were you doing at the time you discovered 
the Wow! signal? 

I was a professor in Management Science at another 
university in Columbus, Ohio. I was also a volunteer at 
the Ohio State University Radio Observatory (OSURO). 


What was the Wow! signal? 

It was a strong narrowband signal from an 
unknown object. The distance to that object could 
ne) m ble (acomNNNDATaeR 


Did you believe the Wow! signal was a sign of 

que ecciee el ielcel lieve elects 

Since all of the possibilities of a terrestrial origin have 
either been ruled out or seem improbable, and since the 
possibility of an extraterrestrial origin has not been able 
to be ruled out, I must conclude than an extraterrestrial 
intelligence might have sent the signal that we received 
as the Wow! source. 


Where do you think it came from? 

After some analysis and thought, it became quite 
obvious that this signal came from some object a large 
distance away from the Earth (well beyond the distance 
of the Moon). 


Could we have learned more about the signal if 
more resources had been available? 


huge amounts of power that would be easy to spot, 
but this was not so. 

It was widely believed that SETI had a good 
chance of success, though, so in the Seventies 
NASA threw its hat into the ring. It established SETI 
programmes in California at its Ames Research 
Center in Mountain View and the Jet Propulsion 
Laboratory in Pasadena to look for signals around 
stars like our Sun or otherwise. In the mid-Nineties, 
however, funding was cut, and the SETI Institute was 
forced to go it alone. 

SETI uses a number of antennas and arrays 
around the world, such as the Allen Telescope Array 
in California, to observe distant stars and discern 
whether they are emitting any artificial signals 
produced by an intelligent race. Within minutes of 
observing a star they have an answer, but to this 
day they have yet to find any conclusive evidence of 
extraterrestrial intelligence. Undeterred, workers at 
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At the time, personal computers didn't exist. If we 
had today’s equipment, much more could have been 
learned. For example, it might have been possible to 
detect the modulation [information] components 

of the signal. . 
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Do you think al eC Koa ee Rae Pace eeevemleCliirxe els 
race in the coming years? 
I'm certainly hopeful. 


Will we ever contact alien life? i 
Contact is less likely than the detection of a signal, 
although I'm also hopeful that contact will occur some 
time in the next billion years or so. 


Do you think life is out there? 
Absolutely! 


ow CCE 

A 
Fae 
One of the most famous instances of the 


detection of possible alien life was a radio 
signal that has been dubbed the Wow! 
signal, owing to Jerry Ehman (above) 
circling the signal in excitement. Ehman 
discovered the signal on 15 August 

1977 while working on a SETI project. 
The circled code, ‘6EQUJ5’, indicated an 
increased intense signal that seemingly 
came out of nowhere. 


SETI continue to search for signs of life, and they're 
extremely confident that they will find something. 

To aid in SETI's study, the hunt for habitable 
exoplanets might allow us to find worlds where 
life could reasonably be thought to reside. Finding 
habitable exoplanets that SETI can study for signals 
is something that will prove of great importance. Of 
course, planet hunting itself is an area of astronomy 
that is not even two decades old - the first exoplanet 
was not discovered until 1995. But while planet 
hunting might still be in its infancy, the results we 
have obtained from just a handful of telescopes are 
astounding. NASA's Kepler space telescope, which 
launched from Cape Canaveral in March 2009, has 
found thousands of planet candidates in barely 
four years of operations, and some of these offer 
tantalising hints of being habitable. 

But Kepler is looking at just a tiny portion of 
our giant Milky Way, which in turn is relatively 





Dr Jerry Ehman 
Dr Ehman, now 
retired, isan American 
astronomer. He holds 
a PhD in astronomy 
from the University of 
Michigan. In 1977, while 
working on the Big Ear 
radio telescope at the 
Ohio State University, 
he discovered the 
famous Wow! signal. 





small in the grand scheme of the universe. Based 
on data from Kepler, astronomers at the Harvard- 
Smithsonian Center for Astrophysics estimated in 
January 2013 that there were at least 17 billion Earth- 
sized exoplanets in the Milky Way. That's not a typo; 
billion, not million. Consider that there are about 100 
billion galaxies in the known universe, and things 
start to get really exciting. Is it really possible that, 
out of 1.7 trillion trillion potential planets in the 13.7 
billion-year-old universe only one, Earth, had the 
necessary conditions to produce intelligent life? Many 
leading scientists believe this to be unlikely. 

Kepler, however, can only reveal very basic data 
about an exoplanet, including its size, mass and 
orbit. Future telescopes, like NASA's James Webb 
Space Telescope, will allow us to study these planets 
in even more detail. This giant space observatory, 
which will launch in 2018, might be able to directly 
image exoplanets and even reveal the composition of 
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Search for life 





Dr Eigenbrode believes that if alien life exists 
beyond Earth it is most likely microbial 








ooking for life 
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What's your role at NASA? 

Iam aresearch scientist at NASA Goddard Space Flight 
Center. My studies focus on understanding the sources, 
alteration, and preservation of organic molecules 

in geological materials on Earth and Mars. lama 
participating scientist on the Mars Science Laboratory 
[Guriosity] and a collaborator for the Sample Analysis at 
Mars [SAM] instrument suite that can detect organics in 
Gale Crater sediments. , 

Do you think we'll find evidence of past or present 
life on Mars? 

Gaeta GWE lwase yma Ave ar lipcelencsemllbiementcy ple Male 
conditions of Mars 3.5 billion years ago were probably 
similar to the conditions of Earth. Both were likely 
habitable. If past life did exist on Mars, then there 
should be a record of it in the sediments. If life didn't 
exist on Mars, we may expect to find meteoritic 

or geological organic matter. Hopefully, we'll find 
preserved organics in the surface sediments at Gale 
Crater where the MSL rover is exploring. Exploration by 
the ESA/NASA ExoMars rover [due to land in 2018] and 
the NASA Mars 2020 rover will be valuable in furthering 
our understanding of organic preservation on Mars. 
Where else could we find organics in the 

Solar System? 

Today, we find evidence of organics in interstellar gas 
particles, meteorites, comets and in some planetary 
atmospheres [such as methane on Mars and Titan]. 
There is every reason to suspect that organics have 


Curiosity is currently searching 
for signs of life on Mars 


Mths gato ul 


been distributed all over the Solar System. What we do! 
not understand is what has happened to these organics 
since their initial distribution. What processes have 
altered them? Has life tapped their carbon and energy to 
support extraterrestrial Beenie 

a ed ie “eae bee, eae Ree 
Do you think the Allan Hills'84001 meteorite 
contained fossilised life? 

It was the publication of the suspected microfossils 

in this Martian meteorite that energised the field of 
exobiology [now astrobiology]. As much as I wanted to 
believe 84001 contained Martian microfossils, I was 
we convinced. 

Will we find more complex forms of life in the 
Solar System? 

If life exists elsewhere in the Solar System, it is most 
likely microbial in nature. Micro-organisms and the 
communities that they form can be complex, but I 
do not think that macro-organisms or intelligent life 
evolved in the Solar System. Micro-organisms can 
harbour and manipulate small niches on planets. Larger 
organisms need a larger environment for support. 

Most environments we have observed beyond Earth 
do.not seem conducive to supporting the physics and 
chemistry of macro-life forms. 

What future astrobiological missions could be 

of most interest? 

Of all the places for us to explore for possible past 

or present extraterrestrial life, Mars offers our best 
opportunity to find it. It’s close and the environments 
are similar enough to Earth's that we can figure out how 
to best explore them. Exploring extremely unfamiliar 
environments is equally important to astrobiology. 
Venus, Titan, Europa and other bodies in the Solar 
System have conditions that are so different from 
Earth's that they challenge us to think outside of the 
box, which will also provide us with an observational 
baseline for exoplanet comparison. 

Which do you think will be first to find signs of 
extraterrestrial life: robotic exploration, planet 
hunting or signal detection (SETI)? 

I think robotic exploration poses our best chance of 
observing signs of extraterrestrial life since most life 
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beyond Earth is probably microbial, if it exists. 


“Robotic exploration poses our | 
best chance of observing signs of 
extraterrestrial life” 
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For the past 100 years we've been broadcasting 
our position to the rest of the galaxy, but how 
far have our signals actually reached? 
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Is anyone out there? 
We've been sending out 
signals for just 100 years, so 
only life within a circle 200 
light years in diameter around 
Earth would hear us. 


their atmosphere, a vital clue in discerning whether 
they are habitable or not. Groundbreaking research 
into the possibility of measuring the atmospheres of 
exoplanets for signs of methane, oxygen and other 
elements, or even looking for signs of artificial lights 
(just as we can see the Earth at night from space) will 
bring us closer to finding alien civilisations. 

While we're searching for alien life, however, could 
it be possible that other extraterrestrial races are also 
doing the same thing? We've been broadcasting our 
position, both intentionally and unintentionally, by 
emitting radio waves for about a century. If anyone 
is within 100 light years of Earth, they will be able to 
hear us. In fact, in 1974 we sent out something called 
the Arecibo message, a broadcast of radio waves that, 
for the first time, contained data about humanity that 
could be interpreted by an alien race and understood 
to be a call from our civilisation to theirs. It’s not 
inconceivable to think that other races might have 
done the same thing: maybe there are thousands of 
Arecibo messages streaming through the galaxy, but 
we just haven't come across one yet. 

With all this talk of exoplanets, habitable worlds 
and aliens, however, you might be forgiven for having 
one question burning in your mind; if there really 
is intelligent life out there, then where is everyone? 
YouTe not alone in thinking this. Way back in 1950, 
astrophysicist Enrico Fermi asked this very question, 
which became known as the Fermi paradox. He 
argued that because the galaxy isn't teeming with 
spacecraft, or that we've never been sent a message 
from aliens, then either interstellar travel must be 
impossible (therefore dashing our hopes of ever 
exploring the galaxy) or we are the only intelligent 
civilisation in the universe. 

There are a number of explanations as to why this 
is so, but the most plausible relates to the history of 
a planet like Earth. Our planet is 4.6 billion years old, 
but only in the last several hundred million years 
has it been inhabited by sophisticated organisms. 
Only in the last several thousand years has intelligent 
and sentient life, namely humans, made its mark on 
the globe. And only in the past one hundred years 
have we seriously begun observing and exploring 
the cosmos, and also sending out signals of our own. 
Humanity won't be around forever; an extinction 
event, either natural or man-made, could cut short 
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Have we already 
found life? 


There have been several instances where 
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controversial evidence suggested that we may 
have already found life elsewhere in the universe 


calf 


Allan Hills 84001 


In Antarctica on 27 December 1984, a team of 
American scientists found a meteorite named 
Allan Hills 84001 (ALH 84001) that shot to fame 
12 years later when it was announced that it might 
contain microscopic fossils of Martian bacteria. 
However, no conclusive evidence could prove 


whether this was so. 


The Viking probes 


In 1976, NASA landed two probes on Mars, 

Viking 1 and 2, which had instruments to perform 
biological experiments on the surface. Controversy 
surrounded the results; early indications suggested 
they'd found evidence of organic compounds, but 
some claimed that the nature of the experiment, 
which heated soil samples, would have destroyed 
organics, suggesting the results were erroneous. 
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What work do you do for SETI? ' 
My contributions in the academic side are in being 

able to understand the structures in the signal if we 
receive one. There's been at least one occasion where 


, I've looked at a signal, just to see if there’s any structure 


in there. So if they pick something up, I'll be looking 

at the content to see if there's anything in there that 
denotes intelligence, any sort of linguistic phenomena 
or imagery or anything with structure that’s actually ° 
conveying information. 


How confident are you that you could decipher 

deleB ra tatcior tere 

It obviously all depends on the amount of content 
you've got. If it was just a short burst, like the Wow! 
signal, then you're up against it. But if it was someone 
on the other end broadcasting an encyclopedia, then 
you've got a great chance of deciphering it. And if there's 
a crib [key] attached to it then you've got some way to 
unlock it or decipher it. If it's something very simple but 
with enough information then you could start to pick it 
apart and be able to have a good guess at what they are 
saying like “hello”, “we are here”, this sort of thing. 


Would you respond to their message? 

The flip side of all this is message construction. 
Because of the nature of the deciphering side I'm sort 
of one of the main people that deals with the message 


Get involved 
with SETI 


If you'e interested in becoming an alien hunter, 
then there's never been a better time to get 
involved with the SETI Institute. Head over to the 
website at www.setiorg to find out more. 

You can also sign up for SETI@Home, a piece 
of software that runs in the background on your 
computer and makes use of processing power that 
is otherwise unused. 
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construction because one is relevant to the other. 
Constructing a message is a big debate for SETI, it splits 
us down the centre. Should we send a message back? 
Many of us, me included, are in the camp that, yes, for 
God's sake, they're going to be huge distances away 
from us, let's just try to communicate! 


What would we say to them? 

The obvious thing is to copy what they've sent back 

to them with something of our own included. There 
are some people that send messages [Without consent] 
anyway. People are sending messages purposefully out 
from Earth, and that's an issue. While we are debating 
whether to send a message, some people are already; 
sending them. You'll end up in the hands of amateurs 
there if you don't watch it. 


Will we ever find a signal? 

Yes. There's a huge universe, at least ten to the power 
of 21 stars out there, and there's at least that number of 
planets. We've only just started searching the sky. Our 


ability to listen to the universe is exponentially growing. 


There are so many planets out there in habitable regions 
that, just through the power of measuring probability, 
life has got to be out there. I can't think of a sensible 
argument that would say it isn't. I wouldn't mind 
putting money on it, although I might not be around by 
the time they find it! But I think they will. 


our ambitions to continue exploring. That would 
mean that an intelligent civilisation has only a brief 
period to make a mark in the lifetime of their planet. 
If we're going to find one, we're going to need to 
continue our extensive search, as it may be that 
every habitable planet has only a comparatively brief 
window in which intelligent life thrives. 

However, searching for intelligent extraterrestrial 
life isn't the only hunt currently on the go. As 
mentioned earlier, our robotic exploration of the 
Solar System is looking at the possibility of microbial 
life residing on the surface of Mars, or perhaps one 
of the potentially habitable moons such as Europa, 
Ganymede or Titan. From landers to orbiters to 
probes, we've barely scratched the surface of the 
secrets some of the other destinations in our Solar 
System might be hiding. 

In the mid-Seventies, NASA conducted the first 
astrobiology experiment outside of Earth, sending 
its Viking 1 and 2 landers to Mars to dig into the 
soil and look for signs of past or present life on the 
Red Planet. The results proved to be inconclusive 
but they sparked a hunger to learn more; right now, 
the Curiosity rover is making its way across the 
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Martian surface to answer the very same question. 
And even here on Earth, research is proving useful. 
We've found life in the deepest, darkest and coldest 
places, whether it’s at the bottom of a frozen lake 

or in highly acidic environments. Research like 

this could help us to one day look for life on frozen 
worlds like Europa or liquid-bearing places like Titan. 
In this regard, astrobiologists are hopeful of one day 
discovering microbial life. 

Therefore, in our continued hunt to prove that 
Earth is just one world where life has made a mark in 
the universe, it will be down to the work of various 
people around the globe to make the vital discoveries 
that could indicate the presence of intelligent or basic 
life elsewhere. Whether it’s experts at NASA working 
on a high-profile, next-generation planet-hunting 
machine such as the James Webb Space Telescope, 
or it’s the valiant workers who are looking for signals 
outside of our Solar System at SETI, or even the 
astrobiologists searching for bacteria on another 
world, these dedicated people will continue to work 
towards finding alien life. They are convinced we are 
not alone in this universe and they aim to prove it, 
one way or another. @ 
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Focus on The Antennae Galaxies 
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sloynmiatenekeo)llteitate galaxies could 
reveal the fate of our Milky Way S 


The Antennae Galaxies, also known as NGC 4038 
(left) and NGC 4039 (right), are a pair of interacting 
galaxies 45 million light years away that were first : , 
discovered by William Herschel in 1785. Located in 
the NGC 4038 group along with five other galaxies, : 
they are currently in the process of colliding. This 
particular image was taken by the Hubble Space . : 
Telescope and shows how the collision is affecting ja 
the two galaxies. ; . ere a 
They began colliding a few hundred million years a rs : a oe ah 
ago, making them one of the youngest’and nearest . 
examples of a galactic collision. The hearts of each or 
galaxy are the two orange blobs at the cores. These pik. 
consist largely of older stars and also large amounts es 
of dust, shown in brown. ! Se Soe ; 
As the two galaxies collide they spur the re x z 
formation of new stars, shown in blue in the image, : aaa 
while glowing hydrogen gas is shown in pink. Over or a —_ ; : 
hundreds of millions of years ejected stars have . re 
streamed away from the collision, extending far into , 
interstellar space as two long tails and ‘giving rise to a ae es 
the name ‘Antennae’. | : - ie 
In several hundred million years, after continually . 
crashing into one another, the two nuclei will : ed 
combine into one giant core and form an elliptical 
galaxy. Their interaction bears similarities to what « 
saa MEV when our Milky Way collides with the , = ; 
Andromeda Galaxy in 4.5 billion years, providing an " 
* insight into the future of our own galaxy. ®@ - 
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How planets form 


Discover how our home, along 
with our Solar System neighbours 


and every other planet in the 
universe, was born from a chaotic 
cloud of dust and gas 


In a sense, planetary birth is a side 
effect of a larger birth: the formation 
of a star. Stars form from nebulas, 
massive clouds of gas and dust 
dominated by hydrogen and helium. 
Now and then, a disturbance in 
palo Ui le maeysleci sl rclccwee lnm IKo- Oe 
gas and dust into a denser knot of 
material. If the knot is big enough 
eIaTe Me (cyatsom san elUrds mB LMI 
enough gravitational pull to collapse 
in on itself. The huge volume of 
super-dense gas concentrates at the 
knot's centre, and the gravitational 
energy heats it up to form a protostar. 
With sufficient mass, the energy of 
the protostar increases, eventually 
initiating a nuclear fusion reaction 
and graduating to a proper star. 
Meanwhile, according to the solar 
nebula theory, surrounding gas and 
dust form a protoplanetary disc, or 
proplyd, around the protostar. When 
the protostar first begins to form, 
the surrounding material is still an 
unordered, slowly churning cloud. But 
the protostar's growing gravitational 


pull accelerates the cloud’s movement, 


causing it to swirl around the centre. 
As the swirling mass speeds up, it 
flattens out, forming a thin disc, 
eee Cem sldeeellmaatcmeaeloerlmaarclann all 
SAVCIALMU PHAM YM @coyeDaxvecws alkene) ecba cl ice 

As well as explaining how planets 
form, the solar nebula theory also 
explains why solar systems take the 
form they do. The planets all revolve 
in the same direction around a central 
Star, in the same plane, because that’s 
how the material disc originally 
swirled around the protostar. 

Exactly how it all comes about is 
still up for debate, and there may 


PLGMOr TIM MBM BRreDAhVAGNDNCCooni@me)ecbalo 
formation processes. The prevailing 
understanding, called the accretion 
model, is that planet formation begins 
when individual bits of matter in 

the disc clump together into bigger 
chunks. The accretion model seems to 
be correct at least in the case of rocky 
terrestrial planets, like Earth and 
Mars, which form from silicates and 
heavier metal, such as iron and nickel. 

Astronomers generally agree 
that a planet like ours begins 
with an invisible piece of dust. 
Microscopic grains in the disc grow 
by condensation, the same process 
behind snowflake formation. In 
condensation, individual heavy gas 
atoms or molecules stick to a grain, 
rapidly expanding its size into a more 
substantial solid particle. 

When the particles are very small 
and light, turbulent gas motions stir 
them up, swirling them outside the 
flat plane of the proplyd. But when 
laa lcatme cor-(els cel e(@l (el MNnr- cM O NaS 
heavy enough to settle into the 
relatively thin rotating disc. In the 
crowded disc, particles collide more 
frequently, speeding up the growth of 
larger and larger chunks. 

At about the point a chunk of solid 
matter grows to a kilometre across, 
it graduates to a planetesimal. A 
planetesimal is massive enough that 
its gravitational pull attracts smaller 
chunks of matter, accelerating the rate 
of growth. The result is a relatively 
small number of planetesimals 
steadily capturing the smaller chunks 
and particles in the disc. 

When a terrestrial planetesimal 
grows large enough, the energy of 
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How planets form 


many collisions along with radioactive 
material it's accreted heat everything 
to melting point. As a melted mass, the 
planetesimal's structure can reform. 
In a process called differentiation, 

the force of gravity concentrates the 
melted metals into an inner core, 
surrounded by an outer crust of 
lighter rocky silicates. The result is 

a protoplanet, an asteroid-like mass 
with distinct layers. Over time, gravity 
evens out the protoplanet’s shape, 
forming it into a sphere. 

A terrestrial planet might form an 
atmosphere layer through outgassing. 
Essentially, heat from the planet's 
interior core unlocks gases trapped 
in the planet's solid and molten 
interior. Planets might then add to this 
atmosphere through encounters with 
other solar system bodies. 

As the diversity of our own Solar 
System demonstrates, atmospheres 
vary a great deal. Any particular 
atmospheric recipe requires not only 
the right mix of planetary matter, but 
also a precise balance of planetary 
size and proximity to the central star. 
When a smaller planet orbits very 
close to a star, like Mercury, the sun's 
heat blasts away any atmosphere, 
leaving a barren rock. Meanwhile, a 
planet like Mars is so far from the Sun 
that all its water is locked up in ice. 
But just a bit further in, you get Earth 
- a planet that's the right size and in 
the right position to form a robust 
atmosphere that could support life. 

While there is general agreement 
among astronomers that terrestrial 
planets formed along these lines, the 
origins of Jovian gas giant planets, like 
Jupiter and Saturn, are less certain. 
One possibility is they start out the 
Same basic way as terrestrial planets, 
steadily accreting solid matter to form 
a massive protoplanet. If it grows large 
enough - about 15 times the size of 
Earth - such a protoplanet exerts a 
strong enough gravitational pull to 
capture hydrogen and helium gas in 
the proplyd. The gaseous mass then 
Sweeps up more material, growing into 
a Jovian behemoth. 

There is a relatively small supply of 
heavy metals and silicate in a proplyd, 
making it unlikely that a protoplanet 
could accumulate enough metal 
and rocky material to reach the size 
necessary to hold on to hydrogen and 
helium gas. Instead, this model says, 
the initial planetary core of a Jovian 
planet forms out of frozen hydrogen 
compounds, such as methane, 
ammonia and water. Near the centre 
of a proplyd, the developing protostar 
makes it too hot for hydrogen 
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1. Dirty snowballs 
Dust grains and bits of frozen 

hydrogen compounds condense and 
then collide and stick together, forming 
bigger and bigger icy planetesimals. 


2. Capturing gas 
Some planetesimals grow so big 
that their gravitational pull captures 
hydrogen and helium gasinthe _ 
protoplanetary disc. 
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gas. Their massive gravity pulls in or 
scatters remaining planetesimals. 
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1. Concentrations in the disc 2. ‘Instant’ planet 
In the disc of gas and dust that forms A clump of dense gas collapses under 
around a protostar, the dynamics of its own gravity to form a gaseous 

the rotation cause uneven distribution planet. The new planet picks up dust 
of hydrogen and helium gas. and ice, which collect into a solid core. 


3. Glutton for gas 

As the planet makes its way around 
the disc, its strong gravitational pull 
sweeps up more gas, making it bigger 
and bigger. 


www.spaceanswers.com 





i ed 


1 =) aE (a coysx-10 |) 

Mineral and metal dust particles 
throughout the molecular cloud collide 
and clump together, forming larger 
rocky particles. 
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2. Running with the crowd 

As trillions of these particles rotate 
around the developing star, they're 
constantly colliding, forming bigger 
asteroid-like pieces through accretion. 


3. Forming a planetesimal 4 
When a rocky chunk grows to about 
1km across, its gravitational pull is able 
to.attract other pieces, speeding up 
the accretion process. 


L 
4. Graduating to a protoplanet 
Intense heat melts the rocky material. 
DNA e CRIME LLLe| 
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compounds to condense into frozen 
solids. They remain in gaseous form 
and so do not accrete to developing 
planetesimals. But if you move far 
enough away from the hot protostar, 
past what's called the frost line, the 
temperature drops low enough that 
hydrogen compounds can freeze. 
With a much more abundant supply 
of solid material, large icy protoplanets 
can form and capture the swirling 
hydrogen and helium gas. 

The organisation of our Solar 
System supports this theory. The 
inner planets, Mercury, Venus, Earth 
and Mars are all relatively small and 
rocky, suggesting forming giant icy or 
gaseous planets wasn't possible close 
to the Sun, while the outer planets, 
Jupiter, Saturn, Uranus and Neptune, 
are much larger. 

The chief argument against the 
accretion model for Jovian planets is 
timing. In well-supported models of 
solar system evolution, there simply 
isn't enough time to grow the massive 
icy cores before the developing solar 
system loses the bulk of its hydrogen 
and helium gas supply. While the 
lighter gases are the dominant 
material during the proplyd's early life, 
their days are numbered. In the case of 
our own Solar System, some 10 million 
years after the Sun first formed as a 
protostar, the energy of nuclear fusion 
reactions likely produced powerful 
solar winds that would have cleared 
out the remaining gas in the proplyd. 
That's a tight window for Jovian gas 
giants to form. 

And neighbouring stars may 
lead to the window shrinking even 
further. Astronomers believe that 
stars generally form in clusters that 
contain massive, hot stars. Calculations 
say radiation from these stars would 
accelerate the evaporation of gaseous 
material in nearby proplyds, shrinking 
the period of plentiful hydrogen and 
helium to between 100,000 and 1 
million years. That doesn't appear to 





Terrestrial 

Terrestrial planets like 
Earth and Mars are rocky 
planets with metal cores 
and high densities. 

They are smaller than 
gas giants and have 
Slower rotation periods. 
In addition, their smaller 
size means they are less 
likely to have moons. 


Types of planets 
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Closer to the centre of a protoplanetary 


WWite fagtyi line expl ained ® Hot and rocky 


® Mainly gas 
A protoplanetary disc is primarily made up 
of hydrogen, helium and various hydrogen 
compounds, such as water and ammonia. 


® The frost line 
The frost line marks ® Hydrogen and helium gas 
the distance from Hydrogen and helium gas exists 
WaToR ee] OSTA throughout the protoplanetary disc, but 
temperatures drop low temperatures never drop low enough for 
enough for hydrogen it to solidify. Only immense gravitational 
compounds to freeze. pull can condense it into a planet. 





be enough time for a Jovian gas giant The embryonic planet's gravitational 
to form through the accretion model, pull takes over from there, sweeping 
yet observations of distant solar up massive amounts of gas, as well 
systems show that these gas giants are as any solids in the vicinity, quickly 
very common. adding to its bulk. Collected ice and 
An alternative theory, known as the metals condense at the planet's centre, 
gas collapse model, presents a faster forming a solid core after the gas 
formation scenario. According to this has accumulated, rather than before. 
model, gas giants form directly from The whole process might happen as 
the swirling hydrogen and helium quickly as a few hundred years. 
in a developing proplyd. As the Observations of Jovian exoplanets 
material revolves around the protostar, (planets located outside our Solar 
turbulence in the disc distributes it System) have given some credence to 
unevenly. This unevenness forms this model - or at least challenged the 
knots of dense gas. When enough Jovian accretion model. In the wave 
gas is concentrated tightly enough, of exoplanet discoveries over the past 
its dense mass causes it to collapse 25 years, one of the biggest surprises 
in on itself, forming a giant gas ball. has been the so-called ‘hot Jupiters’, 
To put it another way, the gas giant Jovian gas giants that orbit very close 
is like a failed star. It forms the same to their suns. These planets would 
basic way as the protostar, but doesn't seem to contradict the notion that 
have sufficient mass and energy for a gas giants only form beyond the frost 
nuclear fusion reaction. line. However, they may have formed 


Gas giant 

At a further distance 
from their orbiting star, 
gas giants are able to 
accrete more matter in 
their formation, giving 
them a large size and 
mass. For example, 
Jupiter is 11 times larger 
than Earth, and has a 
volume 1,300 times greater. 





disc, the developing star makes it too 
hot for gases to freeze into a solid. 
Forming from a limited supply of metals 
and rocky material, inner planets tend 
to be smaller. 


® Icy planets 
Beyond the frost line, gaseous 
hydrogen compounds like 
methane and ammonia 
condense into icy solids, which 
may form planetesimals. 


further out, but then migrated towards 
their suns. 

A host of exoplanet discoveries have 
given astronomers a much bigger 
picture of the range of possible 
planets, which has yielded new 
clues about how planets might form. 
But examining the end results can 
only tell them so much. Fortunately, 
we're likely entering a new era of 
direct proplyd observation, thanks 
to advances in telescopic technology. 
The new Atacama Large Millimeter/ 
submillimeter Array (ALMA) radio 
telescope in Chile, which should be 
fully operational in March, has already 
yielded unprecedented images of 
planet formation in progress. As new 
discoveries follow, astronomers expect 
to fill in more pieces of the puzzle, 
taking us ever closer to understanding 
how our planet, and by extension all of 
us, came to be. @ 


Dwarf planet 
Smaller than a true planet, 
the difference between 
an asteroid and a dwarf 
planet comes down to 
its shape. To be a dwarf 
planet, a body must 
have sufficient mass 

to achieve hydrostatic 
equilibrium, when it will 
become spherical. 
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132-1832 

Developing far from 
Theta! Orionis C, 132- 
1832 is one of the darker 
proplyds in the nebula. 








231-838 

Like 106-417, the 
bright proplyd 231-838 
is surrounded by a 
shockwave, giving it a 
boomerang shape. 


How planets form 





Planet 
formation 
in action 


Our nearest star-forming region is 

the Orion Nebula, a massive cloud of 
gas and dust around 1,500 light years 
away. The striking nebula is visible 

to the naked eye - and positively 
breathtaking as seen through the 
Hubble Space Telescope. Hubble’s 
sharp images, like this one from 2009, 
have revealed 42 protoplanetary discs 
(proplyds) where planet formation is 
now in progress. Theta! Orionis C, the 
nebula’s brightest star, Meats nearby 
proplyds,"giving them a bright glow. 
Proplyds forming further away are too 
dim to see, but their dark dust blocks 
out parts of the bright nebula in the 
background, creating silhouettes 
astronomers can study. 





180-331 

Proplyd 180-331,- 4 
another bright disc 

ne) a ai) ge) nC Oe 

also sports a flowing 

jet of matter, giving ita 

tadpole shape. 





181-825 
But the best shockwave 
sculpture has to be 181- 
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How planets form 


MBF UE aeRO Vea ee TICS 
oLEl a) CiaCereB bent recercee) eCey iva ber sae| 
protoplanetary disc in action around 
HD 142527, a young star over 450 light 
years away. Can you describe the data 
ale eeB lem deleplentercaty 
This is a protoplanetary system seen 
face-on. In red is the thermal emission 
from rocks or tiny pebbles or sand 
grains. The size of these particles is 
about one millimetre. The rest of the 
colours are gaseous. In green, we see 
the Formyl ion molecule and in blue 
we have carbon monoxide. In a lighter 
blue, there are two filaments crossing 
the cavity that converge on the centre 
where the star would be. Those 
filaments are faint compared to the 
rest of the nebula, but they are there. 
This is the first time we've seen such 
cavity-crossing flows. The other first is 
the (darker) blue, the diffused carbon 
monoxide, which is slightly less dense 
material, more rarified gas. 

We think that (gas) giants have 
formed first through a rocky core... 
a super-Earth exoplanet, something 
like ten times the mass of the Earth, 
which is massive enough to attract 
and hold the gas in the disc, so it 


® Thermal emissions 
Rocks, tiny pebbles or 

CF Tale =ae- lia cee-l an ace iarea 
red is about 1 millimetre. 
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DOOD else 


Dr Simon Casassus of the University of Chile talks us 
through these fascinating images of a protoplanetary 
disc in action more than 450 light years away 


sucks away a cavity, which goes into 
the body of the planet. So the planet 
grows at the expense of the disc and 
clears away a cavity. The size of the 
cavity we see in this system suggests 
it’s been carved out by several planets. 
This is what the hydro-simulations 
tell us. The race is on to detect those 
protoplanets and thereby confirm the 
whole theory. 

The planet is growing and at 
the same time clearing away this 
cavity. The way it manages to keep 
on growing is by sucking material 
from the outer regions. This material 
falls on to the star and crosses the 
planets as they fall, because they're 
being perturbed by the gravitational 
interference from the planets. They 
catch some of the falling material. 
But the rest of it just overshoots 
and reaches the inner disc, which 
is the other side of the cavity. The 
rate of inflow of material here is just 
about right to sustain the continuous 
growth of the star. 
Does this reflect something that 
happens in most cases of planet 
formation or is this a special case? 
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We don't know. Before we can 
extrapolate to other planetary systems, 
and before we can conclude that for 
sure the early Solar System looked 

like this, we have to find some other 
examples. This is the first time we have 
seen these radial flows and this residual 
gas inside a planetary cavity, and we 
detected the features at the limit of the 
capabilities for ALMA in its first year 

of operations. So we need to study it 

in more detail and collect similar data 
around other young stars. 

Was there any data in your findings 
that challenged existing models of 
planet formation? 

That’s a hard question because there 
are so many different models of planet 
formation. But there are some versions 
of planet formation which predict very 
late formation of planets, slower than 
tens of millions of years, and this one is 
about two million years. 

Is it possible that our own Solar 
System followed a similar sequence 
of events? 

Could be. That's what’s so astonishing. 
If you consider this nebula, it's a 
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protoplanetary disc around the star 
called HD 142527. In this system the 
protoplanets are formed really far out 
from the star. Our hydro-simulations tell 
us that the protoplanets form around 
1OOAU from the star, whereas Jupiter is 
at 5AU [from our Sun]. So, is this system 
comparable to our Solar System? At first, 
bY(olU (0) 01 CG Rs \i apn oMm | ce-10 cB mono pa sle(@ln| 
bigger. But you also have to think about 
planet migration. Newborn planets 
migrate. It is possible for a gaseous giant 
to migrate from the outer regions at 
1O0AU down to 5AU. 

Are there other theoretical 
phenomena that you're looking to see 
in future observations? 

Yes. There are proto-lunar discs, the 
circumplanetary discs, which we 

hope to detect. This would be a way to 
pinpoint the location of protoplanets. 
What's next for your team? 

We are still analysing this data. And 
then I'm expecting the rest of the 
ALMA data and also complementary 
infrared observations. In the hope of 
detecting the protoplanets, we applied a 
variety of techniques. 





® Outer disc 
This artist's impression 
shows the gas streams 
io) Ulam Kelana 

outer disc. 





® Central star 
Gas streams flow to the 
star in the disc's centre. 
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Did Galileo 
invent the 
telescope? 


Tim Whitfield 

It is quite a common belief that 
Italian astronomer Galileo Galilei 
invented the telescope but this 
is not strictly true. The earliest 
workings towards the design of 
a refracting telescope were made 
by German-Dutch lensmaker 
Hans Lippershey in 1608. During 
Lippershey’s time, the name 
‘telescope’ was not used until three 
years later and he referred to his 


design as a ‘Dutch perspective glass’, 


which he used “for seeing things far 
away as if they were nearby.” 
Galileo, though, was the first 
person to use a telescope for 
astronomical purposes after hearing 
about Lippershey’s work in 1609. He 
improved on Lippershey’s design 
and using his new telescope in 
1610, he discovered the four largest 
moons of Jupiter (lo, Ganymede, 
Callisto and Europa) and physical 
features on the Moon. GL 


Hans Lippershey’s designs led to the 
invention ue the i erOue 
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Two black holes could merge to 
become an even bigger black hole 












What would happen if 
two black holes collide? 


Chris Howlett 
Scientists believe that the interaction 
of two black holes could have one of 
two outcomes. The first is that they 
merge together to form one, much 
more massive black hole. The second 
is that due to spin, the two black holes 
could interact and recoil from each 
other sending one hurtling away. 

We do now have evidence that 
the second option has happened. 
We believe that at the centre of large 
galaxies there resides a supermassive 
black hole containing hundreds of 
millions of times the mass of our Sun. 
These supermassive black holes are 
thought to be spinning at phenomenal 


What isa constellation? 


Neil Garrett 


Constellations are patterns in the a sky often formed by the most 
prominent stars to the naked eye. Technically a constellation defines 

not just the group of stars that form their patterns but also the region of “st 
sky in which it rests. There are 88 constellations across the sky between 

the northern and southern hemispheres and, in both these parts. of the =p 
celestial sphere, these patterns of stars differ. The current list has been 
recognised by the International Astronomical Union (IAU) since around 

1922 and are based on the 48 which were previously identified by Greek 
astronomer Claudius Ptolemy. Constellations often carry names andi 

take the shape of gods, hunters, princesses, objects and mythical beasts 
associated with Greek mythology. Some of the most obvious starsina ° 


constellation are often given names and in general, the most visible stars 


= 


of each constellation are assigned Greek letters with the brightest taking 
on the first letter of the Greek alphabet (alpha), the second brightest 
taking beta and so on. Constellations make excellent signposts when it 
comes to making your way around the night sky. GL 
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rates, and so as two galaxies collide, 
their black holes will eventually 
interact. And scientists at the Max 
Planck Institute for Extraterrestrial 
Physics have observed a black hole 
being ‘kicked out’ of its parent galaxy 
through interacting with a bigger black 
hole. We can effectively think of it as 
two spinning tops. Depending on the 
rate of their spin, their size and the 
angle at which they collide, they could 
come together, or one can get spun 
out of the way of the other. While both 
options are possible, we thus far only 
have evidence of the second, more 
extreme of these possibilities. SA 





4. SOLAR SYSTEM 


What are 
trans- 
Neptunian 
objects? 


Griff Smith 

Any object in our Solar System that 
orbits the Sun at a greater average 
distance than Neptune is known 

as a trans-Neptunian object (TNO). 
The most famous TNO is the dwarf 
planet Pluto which was discovered 
in 1930, over 60 years before any 
other TNOs were found. Despite 
this large gap in discoveries, over 
1200 TNOs have now been found, 
including a small number that have 
been designated as Plutoids. Plutoids 
are defined to be any TNOs that are 
also dwarf planets, when a dwarf 
planet is an object orbiting the 

Sun with enough mass to become 
spherical under its own gravity 

but which has many other objects 
of similar sizes around the same 
orbital path. Not a huge amount is 
known about TNOs as they are very 
difficult to observe, but there is a 
Spacecraft on its way. New Horizons 
launched in 2006 and is on a nine- 
year journey to explore Pluto before, 
subject to a mission extension from 
NASA, examining another TNO and 
sending back insights on the types 
of worlds closer to the edge of our 
Solar System. MW 
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How long will 
the Curiosity 
rover be able 
to power 
itself? 


James Gardner 

Originally the Curiosity mission 
was planned to last for two years, 
however, NASA is now hoping to 
operate the mission as long as it’s 
scientifically viable. Just how long 
the rover will be trundling along 
the Martian surface is currently 
open for debate, but NASA officials 
estimate a longer period of 10, 12 
or even 15 years. Before its launch, 
the radioisotope thermoelectric 
generator, which creates electricity 
from the heat produced by the 
radioactive decay of element 
plutonium-238, provided some 110 
watts of electrical power to operate 
the rover's instruments, robotic 
arm, wheels, computers and radio. 
Additionally, warm fluids heated 
by the generator’s excess heat are 
pumped throughout the rover to 
keep the electronics and other 
systems at temperatures comfortable 
for optimum operation. 

However, despite the extra power 
that plutonium-238 can provide, 
Curiosity can still succumb to the 
failure of its wheels’ drive motors 
and therefore its ability to move 
around, leading scientists to believe 
that the rover could last for just five 
to six years. GL 


The Curiosity 
mission could last 
up to 15 years 
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If the universe is expanding, why are we 













on a collision course with Andromeda? 


Harold Fritz 

The expansion of the universe, 

as measurements carried out by 
astronomer Edwin Hubble in the 
Twenties show, means that galaxies 
are rushing away from us at a 

rate, recently measured by today’s 
cosmologists, to be 74 kilometres 
per second per megaparsec (where 
one megaparsec equals around 3.26 
million light years). While it is easy 
to envision all galaxies moving away 
from each other, the evidence of 
smash-ups between these gigantic 
structures litter the universe. 

This means that galaxies are both 
moving away from each other and 
crashing into one another - this 
happens more often than you might 


eGR Baaliers 


think. So often, in fact, that our 
galactic neighbour, Andromeda is 
moving towards the Milky Way Galaxy 
at around 40,000km/h (250,000mph). 
This is all thanks to the gravity of 

the dark matter surrounding the pair, 
knitting them together so tightly, 

that they resist the expansion of 

the universe and are instead, drawn 
together with Andromeda falling 
towards us. As you may have read in 
our feature on the Andromeda Galaxy 
in issue 6 of All About Space, we 

are unlikely to see the spectacular 
collision as our Sun evolves and 
extinguishes life on our planet's 
surface. However, when the inevitable 
does happen, and the two coalesce, 
they will create a single elliptical 
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titanium or gold 
from an asteroid? 


Timothy Pedersen 


s Asteroids within our Solar System were formed 
from the same materials as the Earth and as 
such we would expect there to be some useful 
materials available within an asteroid, such as 
iron and nickel, and even gold and platinum. The 
problem is, these S-type asteroids are the least 
common of all, and in order to mine one you 
would either need to develop advanced mining 
techniques, or ensure that there was enough 
water and oxygen at the asteroid to sustain a 
workforce. However, a good candidate for a test 
run would be an asteroid called 2009BD which 
appears to be following the Earth's orbit around 
the Sun. It could potentially give us practice to 


develop future techniques. SA 
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galaxy with the merger triggering a 
great burst of star formation and the 
supermassive black holes that sit at the 
hearts of both galaxies will combine. 
While stars in both the Milky 
Way and Andromeda are unlikely to 
collide due to their great distances, 
the gravitational disturbance could 
cause what is left of our Solar System 
to change its position - tossing it from 
its current location in the Orion spur 
and further from the Milky Way's core. 
The galaxy merging does not end 
there either, Andromeda’s companion, 
the Triangulum Galaxy - which is also 
attached by dark matter to the pair - 
will join the collision, taking another 
2 billion years to completely merge 
with ‘Milkomeda’. GL 
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Could a spacecraft on an 
elliptical orbit enter and exit th 
event horizon of a black hole? 


Guy Richards 
In short, no. Once the event horizon has been 
crossed nothing can escape. A black hole is a 
region of space where the warping of space- 
time is so much that not even light could 
escape. The reason black holes work this way 
is due to the intense gravity they possess. 

The event horizon is defined as the region Escape 
where gravity is strong enough that you A spacecraft would 
would have to'be travelling faster than the need to be travelling 
speed of light to escape. As we do not think faster than the speed 
UNEBER CS lo) MET ae tema ELMS CR annie I CME ORL Coe] 
cannot get:back out. 

A black hole’s influence doesn't stop at 

~ the event horizon, we know that the force.of 
gravity has an infinite range, but the strength 
of this force decreases as you get further away. 
- The Closer you get to any object the Siu ceyarexeys 

its gravitational attraction and therefore the 
faster you have to be going to escape. Thus 
the speed of your spacecraft governs how 
close you can get. JB 






Event horizon 
The event horizon 
represents the point 
of no return. 


Speed of light 

Not even light could escape a 
black hole, as nothing can travel 
faster than the speed of light. 
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How small is 
the smallest 
moon? 


Richard Mark West 

Our Moon is unusual in the Solar 
System, as it is particularly large 
compared to its parent object, 

the Earth. The smallest object 

in our Solar System classified as 

a moon is Aegaeon, a moon of 
Saturn about 500m (1,600ft) across 
and discovered in 2009 from 
images taken by Cassini. There 

are thousands of smaller particles 
orbiting Saturn, but these form part 
of its ring system and aren't thought 
of as moons. Occasionally the term 
‘moonlet’ is used for satellites that 
are especially small, but this is not 
an Official definition. MW 
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Which is more powerful, a 
Soyuz or a Delta IV rocket? 


Jeremy Hardwick 

The power of any rocket is usually measured by the heaviest payload it can take 
into certain types of orbit. Using either low-Earth orbit (LEO - the position of the 
International Space Station) or the higher geostationary transfer orbit (GTO - the 
position of most communications and GPS satellites), Delta IV rockets win over 
Soyuz rockets by a large amount. The Delta IV Heavy (the most powerful type 
of Delta IV rocket), can take a payload four times heavier than Soyuz rockets can 
manage up to LEO, and a payload five times heavier up to GTO. Even the least 
powerful Delta IV rocket (the Delta IV-M) can take heavier payloads than Soyuz 
rockets to both LEO and GTO. Soyuz rockets do have one major advantage over 
Delta IV rockets, though, as they can carry manned spacecraft, and so they are 
currently the only available method to take astronauts to and from the ISS. This 
may change in the next few years as private companies such as SpaceX are 
looking to develop their own manned spacecraft and hire seats to government 
Space agencies. MW 
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Quick-fire 
questions 


@spaceanswers 


How old is the 

planet Pluto? 
Pluto formed with the rest of 
our Solar System, so is about 4.5 
billion years old, which is also 
roughly the age of the Sun. 


How many planets 

can you see without a 

telescope? 
You can see Mercury, Venus, Mars, 
Jupiter and Saturn with the naked 
eye. However, if you want to see 
them in detail, then you will need 
to use a telescope. 


Which element does the 

Sun have most of? 
Our Sun is mainly made of 
hydrogen (74%) and helium (24%). 
There are also traces of iron, 
nickel, oxygen, silicon, sulphur, 
magnesium, carbon, neon, 
calcium and chromium. 


Which is the coldest 
known planet in the 
Solar System? 
Uranus is the coldest planet in our 
Solar System with atmospheric 
temperatures dipping as low 
as -224°C (-370°F). Along with 
Neptune, Uranus is known as an 
‘ice giant’ since it is mostly made 
up of various ices, such as water, 
methane and ammonia. 


What is the biggest 
crater on Earth? 
At more than 300km (186 miles) 
across, the Vredefort crater found 
in the town of Vredefort, South 
Africa is the largest impact 
crater on Earth. It is believed to 
have been made by an asteroid 
measuring approximately 500km 
(310 miles) across. 


How long would it 

take to drive around 

the Moon? 
It depends on several factors, 
such as the speed that you're 
travelling at, the Moon's gravity 
and the terrain that you're on. If 
we'e using the Earth's gravity 
and general environment then 
at a speed of roughly 96km/h 
(60mph) it would take you just 
over 109 hours. 
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Quick-fire 
questions 


@spaceanswers 


What's the biggest thing 

in the universe? 
To date, the largest structure in 
the universe is the Sloan Great 
Wall - a gigantic wall of galaxies 
some 1.38 billion light years in 
length and located one billion 
light years from Earth. 





How fast are we 

traveling through space? 
The Milky Way is spinning at 
a rate of 225km/sec (140 miles/ 
sec) and the galaxy is travelling 
through space at a rate of 305km/ 
sec (190 miles/sec). This means 
that we're travelling at around 
530km/sec (330 miles/sec), 
although scientists do not all 
agree on the exact figure. 


Is it true that Saturn 
would float? 
Yes, the density of Saturn is 
0.687g/cm?, while the density 
of water is 0.998g/cm?, so yes 
it would float in water. But it 
would have to be a very large 
container as Saturn has a radius of 
60,268km (37,500 miles). 


How likely is an asteroid 

strike on Earth? 
Thankfully it seems that asteroids 
capable of causing major disasters 
only seem to hit the Earth once 
every 100,000 years on average. 


How close is the nearest 

black hole? 
The nearest known black hole 
was initially believed to be around 
1,600 light years from Earth. 
However, scientists have found 
that V4641 Sgr is in fact 15 times 
further than first thought. 


Where does space begin? 
‘Space’ is referred to as the 
area above Earth's atmosphere. 
However, there is no boundary 
because the atmosphere gradually 
thins as you move away from 
Earth and you can find traces of 
the gases we breathe over 160km 
(100 miles) above the Earth. 
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Crux-Scutum 
arm 





Orion arm 


How many ‘arms’ does the 
Milky Way Galaxy have? 


Alan Luther 
Astronomers are still not certain of just 
how many arms our galaxy has. The 
Sun is located at the edge of the Orion 
spur which appears to merge with the 
Perseus spiral arm in the direction of 
the constellation Cygnus. This arm is 
the next outward spiral arm from our 
Sun's location. Beyond the Perseus 
arm, it is thought that much more 
distant ones exist - however, these 
arms become less distinct making it 
hard to count how many there are. 
Closer to the Milky Way's centre, 
rests the Sagittarius-Scutum arm and 
even closer is the Centaurus-Carina 
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arm, a complex region where recent 
studies suggest that the Milky Way 
has a bar lacing its glowing core with 
two arms curling upon themselves. 
Giant molecular clouds, made of 
interstellar gas and dust, show that our 
galaxy is made up of two, or possibly, 
four arms. However, due to the spurs 
like the one that our star belongs to, 
poking out of main arms, it is difficult 
to know what our galaxy looks like 
precisely and, for now, we have to 
settle with tracing the major arm 
segments that run close to our Solar 
System to form a bigger picture. GL 


Would a ship travelling at 
the speed of light create 


its own gravity? 


M Johnson 


First of all, as far as we understand, only 

light can travel at the speed of light. For 

a spacecraft to do it, under our current 
knowledge of physics, an infinite amount of 
energy would be required. While this remains 


a physical impossibility it doesn't stop us thinking 
about the implications of light-speed travel. 

As Einstein's theory of general relativity shows, as an object 
approaches the speed of light its mass increases. An object's 
mass determines its gravitational influence. All things have a 
gravitational field, but gravity is so weak we only feel it from very 
massive objects, like planets. As we increase our spacecraft’s speed 
and therefore mass, its gravitational effects would increase. In general 
relativity mass and energy are equivalent and so as we approach an 
infinite amount of energy and mass, the spaceship's gravitational 
influence would also increase to be higher than its usual field. JB 


Is it possible 
to point in the 
direction of 
the centre of 
the universe? 


Adam Lambert 
For years the Sun was thought to 
be the central point of the universe. 
Today, however, astronomers 
believe that there is no centre to 
the cosmos. Imagine, for example, if 
you were small enough to stand on 
a balloon and see in a straight line 
across its surface. No matter which 
direction you look, the end of the 
balloon seems the same distance 
from you. If you start moving 
across the surface, it would appear 
that you were at the centre. The 
reality is that your two-dimensional 
balloon does not have a centre. 
Now, suppose your balloon 
is being inflated and is covered 
with pen marks around you. As 
the balloon gets bigger, these pen 
marks get further away from you 
and each other - no matter where 
you are it appears to you that you 
are at the centre of the expansion. 
Since space is curved, it is 
somewhat like the two-dimensional 
Space on a balloon and just like 
there is no centre to its expansion 
there is no centre to the expansion 
of the universe. GL 
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There's loads 

of ways to get 
involved with 
All About Space 
and send us 
your questions, 
comments, 
opinions or ideas 






Why doesn't the UK 
have a manned space 
programme? 















rt in “ Bc Ce is tare Fr: ae 




























ee Ree ris arya Fara pragma, ce1s, hie peck i= rad Hh 

Chris Howlett 
There are several reasons why the nations collaborating to maximise ay questions@spacea BSS rs.com 
UK doesn't have a manned space efficiency. This shared task has meant 
programme, these include cost, that different communities can take 7 | Al AboutSp d ceM d gazin a) 
expertise, strengths and the ease of responsibility for different areas, 
collaboration. Over the era of space spreading costs and time between 
flight the UK has plunged itself into wider groups of people. Ei | @spacea hnswe"rs 
becoming world leaders in satellite In more recent years we as a 7 
construction, marking this nation nation have looked to broaden our 
at the top of satellite engineering interests. Recent initiatives have seen — = ae 
and technology. This application of British astronauts begin training, and oe 83 Stare hs 
strengths and focus to a specific area investment in crewed space vehicles ee = 
has left little room for the development aims to secure places for these = . 
of a manned programme. astronauts among the stars. Space " roti =" an 

Another factor is cost. Space flight As space exploration continues iy a -* cl ili 
is very expensive and all nations who to grow, no doubt we will see an a. ain 
have sought it have had to commit to ever-growing interest from not only a ee 
the investment it requires. As a result our country but from others around 
of this, space exploration is growing to the world as we all continue to push 
be a truly international project, with mankind's boundaries. JB 


“Space flight is very expensive 
and all nations who have 
sought it have had to commit 
to the investment” 
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Stargazing Live presenter 
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The Big Dipper 


Let's take a closer look at one of the most easily 
recognisable patterns of stars in the northern hemisphere 


The Big Dipper goes by several 
different names, including the ‘Plough’ 
and the ‘Saucepan’. It is, though, very 
recognisable with its bowl-shaped 
pattern of four stars connected to a 
‘handle’ of three more. This is a group 
of stars which has been recognised 
from time immemorial and by nearly 
all cultures around the world. 

It is not a constellation in its own 
right, but just an easy-to-spot pattern 
of stars which form part of the larger 
constellation of Ursa Major, or the 
Great Bear. Patterns of stars like this 
that are only a part of one or more 
constellations are known as ‘asterisms’. 
It's a really useful asterism for several 
reasons, one of the most important 
is that it can help us find Polaris or 
the ‘pole star’, which in turn helps us 
understand where true north lays, so 
it is of great benefit to navigators to 
know how to use the Big Dipper to 
aid finding this. The two end stars, 
opposite the handle, are called the 
‘pointers’, because if you draw an 
imaginary line through these stars 
heading out of the ‘bowl’ the next 
bright star you will arrive at will be 
Polaris. By sheer chance Polaris sits 
almost over the north celestial pole. 

If you drop an imaginary line directly 
from this point to the horizon, you will 
know the position of true north. 

For anyone living north of the 
latitude of southern Spain, the Big 
Dipper is circumpolar. This means that 
from these latitudes it never appears 
to set or disappear below the horizon. 
It rotates around the north celestial 
pole as do all the other stars and 
constellations, but because it resides 
near the pole it can always be found in 
the night sky. 

The star in the handle which lays 
higher than the others is interesting; as 
if you look closely you'll see it is two 
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stars. This is a naked eye double star 
and unusually for double stars they 
both have names. These are Mizar 
and Alcor. If you have good eyesight 
you should be able to make out both 
stars. What is particularly interesting 
about this binary or double star is that 
each component is also a multiple star 
system. Mizar itself has four stars in 
orbit around their common centre of 
gravity, so all in all, this double star is 
in fact a sextuplet system, although 
most of these stars cannot be resolved 
using even the largest Earth-based 
telescope. We know of their existence 
from spectroscopy, whereby the light 
from the star is split by a prism into its 
constituent colours. 

All the seven stars in the Big Dipper 
have names. The two stars of the 
pointers are called Merak (the lower 
of the two) and the other, at the top of 
the ‘bowl’, is called Dubhe. This is the 
brightest star in the group. Ursa Major 
plays host to several amazing deep 
sky objects including several galaxies. 


You can use the stars of the Big Dipper 
to find a couple of them. If you draw 
an imaginary line from the bottom 
left star in the bowl through the top 
right one (Dubhe) and keep going for 
roughly the same distance again, you 
will come across a beautiful pair of 
galaxies known as M81 and M82. If 
you form an equilateral triangle with 
the two end stars of the handle, Mizar/ 
Alcor and Alkaid as the base, at the 
other point of the triangle you will 
find the galaxy M101. 

The Big Dipper is also a great 
signpost to other constellations. If 
you use the two stars in the bowl 
nearest the handle, Megrez and Phad, 
as pointers but head away from the 
pole star, you can find the bright star 
Regulus in the Leo constellation. Again 
if you use the handle as a signpost, 
the next bright star you'll come to is 
Arcturus in the constellation of Bootes. 

So you can see what an amazing 
and useful group of stars the Big 
Dipper really is. @ 


The stars of the Big Dipper shine through the 
Northern Lights. The auroral light is translucent 
which allows the faint starlight to shine through it 
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Asterism 


An easily recognisable group 

of stars which may be a part 

of one or more constellations. 
Although these groups of stars 
are unofficial they are often well 
known in popular culture. 


Ci 
ircumpolar 
Stars which never seem to rise 
above or set below the horizon. 
If you lived at one of the Earth's 
poles, all the stars you could see 
would be circumpolar and if you 
lived at the equator, none would 
be circumpolar. 


e@ 
Binary stars 
These are stars which orbit 


around their common centre 
of gravity. 


Using a prism to split up 

the light from the star into a 
‘rainbow’ of colours can tell 

us a lot about what chemical 
elements can be found in the 
star and even how fast it is 
moving. We can also tell if there 
is more than one star present 
even if the stars are too close 
together for us to be able to see 
them as separate. 


Light year 
The distance that light travels 
over the course of one year. 


In other words about 9 trillion 
kilometres (6 trillion miles)! 


Pole star 


This is the star Polaris which 
currently resides almost exactly 
over the rotational axis of 

Earth at the North Pole. If you 
extend the North Pole point out 
into space you get the north 
celestial pole. From the northern 
hemisphere all of the stars in 
the sky seem to rotate around 
this point. 
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1. Dubhe 

This is the second brightest star in the 
Big Dipper and is one of the pointers to 
the pole star, Polaris. It is a giant 

star which lays approximately 123 light 
years distant. 


2. Merak 

Beta Ursae Majoris is the other star in 
the ‘pointers’ to the pole. It's 2.7 times 
more massive than our Sun and lays 
79.7 light years away. 


3. Phad 

Sometimes known as Phecda, Gamma 
Ursae Majoris is 83.2 light years from 
us. It was one of the original stars that 
was used to classify the spectra or light 
signature of other stars. 

4. Megrez 

This is the dimmest of the seven stars 
in the Big Dipper. For all that, Megrez 
is still 63% larger than the Sun and 14 
times as bright! 
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The stars that make 
up the Big Dipper 


5. Alioth 

The brightest star in the Big Dipper and 
the 31st brightest star in the sky, Alioth 
is 82 light years away from Earth. 


6. Mizar/Alcor 

Consisting of the four-star system of 
Mizar and the double-star system of 
Alcor, this six-star grouping is a good 
test of vision. Only the two brightest 
Stars are visible with the naked eye. 


7. Alkaid 

The last star in the handle of the Big 
Dipper is the third brightest in the 
asterism and one of the brightest in 
the entire night sky. It is around 10 
million years old. 


8. Polaris 

Although the pole star isn’t a member 
of the Plough or Big Dipper, the 
‘pointers’ show the way to this 
important star around which all others 
appear to revolve. 





O08 








Aid ores re moms elZ4 


The cold, dark night skies of February are starting 
to show us the first hints of spring... 


Galaxies M81 and M82 © Kemble’s Cascade 


















Viewable time: All through the hours of darkness Viewable time: After dark until early morning 
M81 and M82 are two very different galaxies which lie quite This beautiful chain of stars is not a star cluster in the true 
close together in the sky. M81 is a glorious tightly wound sense, but an asterism, a pattern of unrelated stars which isn't 
spiral galaxy laying about 12 million light years away. The eee a proper constellation. Lying in the rather faint constellation 
spiral structure is difficult to make out in a small | =. | of Camelopardalis, you need binoculars or a small 


telescope, but the bright core is obvious. M82, i eof { telescope to see it. It looks rather like a line of 
at a similar distance to M81, is an irregular, colourful stars, almost as if they were falling 
‘starburst’ galaxy, which means that over a cliff and tumbling towards a 


stars are being born in M82 at a rate : lovely open cluster known as NGC 
Koon ONSNTacM Cs iKcomnder-Dem En melUs me) isn} a Q. 1502, which appears as a small 
Milky Way galaxy. bright knot of stars. 
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Galaxy M96 


Viewable time: 
Mid-evening until dawn 
At 31 million light years away, M96 
is the centre of a group of galaxies, 
including M95 and M105. It is classed as a 
double barred, intermediate spiral galaxy. Like its 
neighbour M95 it is quite faint and needs a medium- 


Galaxy M95 


Viewable time: Mid-evening 
UDG me rehW a8) 

M95 is a gorgeous barred spiral galaxy in 
the constellation of Leo. Quite faint, it shows 
up well in photographs, showing a circle of stars 


orn 
in a ring around the nucleus, which is a star-forming — 





region. This stellar circle is bisected by the central ‘bar’ NCyattenl sized telescope to view it well. It shows up nicely in 
of stars, which makes it look a little like an eye. It was = long-exposure photographs where you can see its rather 
home to a supernova, which was seen to blow itself to hemisphere asymmetrical spiral arms. Like M95, it played host to a 
pieces in March 2012. It is part of a group of galaxies, supemova explosion in 1998. This galaxy is thought to 
centred on the brighter galaxy M96. contain a supermassive black hole. 
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Variable stars 


It is not very well known that more than half 
the stars in the night sky vary in brightness... 


It is strange to think that so many 
stars vary in brightness, but of all 
the stars that do, most only vary by 
a small amount. Often this is almost 
undetectable with the human eye. 
Even our own Sun is a variable star 
over its ll-year cycle. As the number 
of sunspots increase and decrease so 
does the light output. 

However, there are some stars 
which have a huge change in 
brightness, going from a moderately 
bright star in our skies to only 
being detectable in medium to large 
telescopes at other times. 

What causes this odd behaviour? 
There are several reasons for this and 
there are also several types of variable 
star. We can therefore classify many 
variable stars into groups. Some of 
these stars vary in how quickly they 
change their brightness. Some can 
change in a matter of days, while 
others can take years, decades or even 
centuries to complete a cycle. 

One type of variable star is known 
as an ‘eclipsing binary’. This is where 
there are two stars orbiting around 
each other and from our perspective 
here in our Solar System they line 
up so that one star seems to pass in 
front of the other. Often there is a 
larger, brighter star being orbited by 
a smaller, dimmer one, and when 
the smaller passes in front of the 
larger, the amount of light reaching us 
appears to dip. Then, as the smaller 
Star seems to disappear behind the 
larger, the amount of light dips again 
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but not by so much. When both stars 
are visible, the ‘star’ is at maximum 
brightness. The most famous of this 
type of eclipsing binary star is Algol 
in the constellation of Perseus. These 
Stars are too close together to be 
seen individually from Earth-based 
telescopes, but we know there are 
definitely two stars in the system. 
There are several other reasons why 
the brightness of some stars fluctuates. 
Some stars actually vary in size, they 
pulsate like a balloon being filled with 
air and then let down again. Most well 
known of this type are the Cepheid 
variables. They swell and shrink very 
regularly, so regularly in fact, they 
can be used as a distance measuring 
device. In 1912, an astronomer by the 
name of Henrietta Leavitt worked out 
that by measuring how bright the stars 
appeared compared to their rate of 
variability meant it would be possible 
to figure out the distance to them. 
Edwin Hubble used this to work out 
the distance to the Andromeda Galaxy. 
Variable stars can be put into two 
basic groups, short period and long 
period, with a third group of irregular 
and semi-regular variables, which as 
their name suggests, have no pattern 
to the variation of their light output. 
One type of star in this category is 
the ‘Mira Variable’. This type is named 
after the star Mira or Omicron Ceti. 
It is a cool, red supergiant which has 
large pulsations that increase and 
decrease its brightness. It does have 
a rough period of around 332 days 


during which time it undergoes a 
dramatic drop in brightness to well 
below naked eye visibility. It will 
eventually become a white dwarf 
Star. There are also stars similar to R 
Coronae Borealis, which appear to fade 
quite markedly at odd intervals and 
then climb back up to their original 
brightness. This is due to the buildup 
of carbon dust in the star's outer 
atmosphere. As the dust is dispersed, 
the star regains its brightness. 


iT 
Otherwise known as the 
‘wonderful’ Omicron Ceti, 
Oeil Ure id ar wed 
ler] ge CM Malem oye kc mole 
the ‘red’ long period variable 
Stars. It has a period of 
around 332 days, although 
its exact maximum Is never 
predictable. It has the widest 
variation of brightness to 
dimness of any celestial 
body which can be seen with 
the naked eye, outside of 
our Solar System. It lies in 
“the constellation of Cetus 
and doesn't get very high in 
the sky as seen from mid- 
northern latitudes. It lies 
Tail aS ele ea nef 
Na T= QVM VAIO Rela marcos 
difficult to find. 
How to find it: Follow a line 
of stars from Aldebaran in 
Taurus into Cetus. A star 
on ]a mV er=t/ OM ee mo) n mls 
down. It lies roughly midway 
between eta Eridanus and 
Eee dese 


Another type of variable star is the 
‘Gamma Cassiopeiae’ class, which 
fluctuate their light output irregularly 
due to the star throwing off material 
around its equator because they rotate 
very quickly. 

These are just a selection of the 
different types of stars whose apparent 
brightness as seen from Earth can 
vary. Observing variable stars is a 
fascinating and very popular area for 
those interested in stargazing. @ 


‘As the number of sunspots 


increase and decrease so does 
the Sun's light output" 
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Delta Cephei 
This is the prototype ' 
Cepheid variable star, which « 
has a cycle of 5.37 days. 

, This type of star pulsates 
in a period in proportion to 
how bright they are and it is 
this relationship that allows 

-.astronomers to determine 

how far away they are. 
How to find it: You can find 

. delta Cephei at the lower 
easternmost corner of the 
constellation of Cepheus. 
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Algol «. 

Possibly the most famous _« 
of the eclipsing binary : 
stars, Algol has givenits ~. - 

name to this particular type - * 

of variablé star. Ithasan |, 
interesting double dip in . 


. brightness every two days, , 


20 hours and 49 minutes. 


_ The second dip can only be , ct . 


detected with electronic . he Tis, oy Re . 
sensors as it is too shallow i 

to be noticed by the human " 

eye. This second dip occurs 

when the smaller star passes |. : ; 7 
behind or-is occulted by wie: ae , , 


- the larger. Algol is one of 


the best stars to start . 
practising on while learning* . . “s 
how to observe these * 


. fascinating objects. = ae ‘ 


-Betelguese «; .. 5 i AT PES ieee eta sie 


_ unaware -that this star is 
_unstable“and variable in 


ar Tieh ovat cRNA OWING 


. years.-It’s thought that in: 


‘coloured star sits at the 


“supernova: That will be really’ 5 


How to find it: If you draw : er, ee 
an imaginary line between * : 
the:star Aldebaran in Taurus 


and the star Shedir or alpha, fi “ a : Tee ae Se a 
» Cassiopeia, Algal lieshalfway , = : a, 


along this line. *, : P =  o 


This-bright orangy-red ape fk Se a eee re 
top left of the:constellation OE saree eet 


of Orion. Many people are . * z . ; —_— Jtjoeie i a" a 


brightness, although not 
by a,huge amount. It fades-: 


#a 


with a period of about six 


the next million years or so, . 
Betelguese will explode asa a be nM, 


worth.seeing!:In fact, you'lk , ° ~ ee * a , 
probably be able to see it in : ae , = Hee pT = 
daylight at least for awhile.“ * Bei _ | 


‘How to‘findit: Orion iseasy — : ee “. 


~ to find during the winter a) 2 ah He 


months inthenorthérn. - © “  “* te ‘ [7 
hemisphere. Betelguese is a ae ry : . 
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Gamma Cassiopeiae 
The central star in the ‘W' 
of Cassiopeia is known as 
‘gamma’. It's an unstable 
very hot star and can vary 
in brightness randomly, 
although it hasn't changed 
much in over 40 years, so 
it might just flare up again 
sometime soon! We know 
this star to be a powerful 
source of X-rays although 
it is still uncertain why 
this is. There is no danger 
to us from this though, 
because it also lies a very 
long way from us at 550 
light years distance. 

How to find it: Cassiopeia 
looks like a letter ‘W' or 
‘M' in the night sky low 
down in the north during 
February. The middle star 
is ‘gamma’. 
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Variable star 


At first glance all stars seem to 
shine with a steady brightness, 
however, the light output of 
many will vary, increasing or 
decreasing brightness. 


S 


Two stars in orbit around their 
common centre of gravity can, 
from our point of view, sometimes 
pass in front or behind one 
another. When this happens 

they are in ‘eclipse’ and the usual 
combined light of the stars will 

be dimmed. 


Cepheid 
variables 


These stars pulsate and so the 
amount of light they put out 
changes along with this pulsation. 
It was found that the rate of 
change of this type of star was 
proportional to how brightly they 
seemed to shine. Because of this, 
it is possible to work out how far 
away they are by measuring how 
bright they appear to be and then 
by timing their pulsations. 


Irre 
variables 


As the title suggests, these stars 
will vary in brightness at random 
intervals unlike many variable 
stars which follow a regular 
pattern to their variations. 


Semi-regular 
variables 


These are giant or super giant 
stars that normally follow a 
set pattern of change in their 
brightness but which can 
sometimes be interrupted. 


Variation 
period 


The amount of time it takes for a 


star to change from its maximum 
to its minimum brightness and 
back again. For some variable stars 
this can be a matter of days or even 
hours, for others it can be years or 
possibly even centuries. 
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Telescope: TEC 140 

_ "I currently use a OSI 583 7 
‘. WSG with a TEC 140 and oi 
an AT65EDQ for ‘scopes, I 


; Wauseon, Ohio, US# .— eS 





also use Astrodon filters, 3 se ase 

and had a Celestron CGEM WR Rape 4 * 

DX mount, but | just sold it * : 
aad bought the new CGE PRO rntoterlem yeni 1: * 
havent been ls to use yet.” - : : r ee Ses 


s : 5 . . * *- 
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Fernando Portella, Brazil 


nae Telescope: Meade ETX 90 
>» “This was taken with very basic 
ee eentoelem aide eet} elm leyivmojeceriae 


camera being an incentive for beginners. 
: It was taken under the light-polluted skies 
= of Rio de Janeiro, which was a big effort. 
I enjoy observing the planets, mainly 
Jupiter and its four largest moons, plus Saturn with its 
beautiful rings, and also globular clusters.” 





Luis Figueroa, Bronx, 
New York, USA 


Telescope: Celestron 
ee 108-3018) ra 
Es BOI CEBeICcemtemant 
, a. * Bronx in New York, 
and in 2008 I bought a 
Celestron CPC 800. I was 
“= amazed at what I saw 
through my telescope. I enjoy looking at 
star clusters and photographing galaxies.” 













CEVeoee eles Ce 
Cumbria, UK 
ae Telescope: 

SkyWatcher 200P 
“Iam 49 years old 
and a shift worker 
in the rail industry. 
I love photography 

eee 86 Dei d (om PKA 
years I have spent most of my free 
time taking astronomy photographs, 
and I have no problem with going 
out in the early hours and sitting on 
the side of a hill at my dark sky site 
taking photographs.” 
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Interviewed by Jonathan O'Callaghan 


We spoke to Stargazing Live presenter (and pilot) 
Mark Thompson about all things astronomy related 


How did you first get started 

in astronomy? 

I was ten years old and my dad took 

me to the observatory at the edge of 

the University of East Anglia. It's now 
moved to the home of the Norwich 
Astronomical Society, where I've 

been chairman for 14-odd years. I got 
taken along to that observatory and I 
Saw an image of Saturn through the 
telescope and that was it. That fired 

my imagination and hooked me on the 
subject, and I've been fascinated by it 
ever since. 

Do you do much observing yourself? 
Yeah, absolutely, I've been doing it for 
donkey’s years now. I remember my 
first telescope was a cheap second-hand 
refractor, it wasn't a great image at all, but 
I've also made my own telescopes in the 
past including a six-inch reflector and 

a 14-inch reflector. I've had telescopes 
all my life, and I've now got a Vixen 
VMC260. I don't get out as much as I'd 
like to, what with two young children, 
television work and writing, but when I 
can I absolutely do like to go outside. 
How did you get involved with 
Stargazing Live? 

I did some work for my local astronomy 
society, and we ran a star party in north 
Norfolk about seven years ago, and 

The Sky At Night wanted to do a piece 
about star parties. They came down 

and Lucy Green interviewed me, and 

I was asked to do a couple of films for 
the International Year of Astronomy. 

Off the back of that I got contacted by 
the BBC who were looking at doing this 
stargazing show and they asked if I'd be 
happy to work with Dara [O Briain], Brian 
[Cox] and Lucy on that show, and of 
course I was more than happy to do that. 
I've done it for the last three years, which 
has been fantastic. 

What have been your favourite bits 
of doing the show? 
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otal gazing Lives 
Thompson 


I like the fact that we actually try to do 
live stargazing, even though it's very 
difficult because we're reliant on the 
good old British weather. But it’s great 
when it actually does come off. 
What's it like working with Dara 
and Brian? 

It's good fun, you know. It’s great 
because they usually do physics stuff, 
whereas The Sky At Nighttries doa 

bit more of the practical stuff, so to do 
something that actually brings the two 
together is brilliant, and I think that’s 
What's made the show such a success. 
We've had three and a half million 
viewers this last series, which for a 
science show is fantastic, let alone an 
astronomy show! 

Do you wish Stargazing Live was 
more regular? 

Yeah, of course I do. I would love to do 
it twice a year, but of course there are 
issues with scheduling, so the only 
time you could fit in another big live 
broadcast would be during the summer 
months, which for astronomy is possibly 
the worst time of year. 


~_— 


What advice do you have for first- 
time astronomers? 

One is an age-old thing: don't rush 

out and buy a telescope. I've seen 
people spend thousands of pounds 

on telescopes and, you know, while 

it's tempting, practically, binoculars 

are a cracking way to start doing 
astronomy because you start to see 
more without all the problems of trying 
to find your way around the sky while 
managing a mechanical telescope. 

So I think absolutely get yourself a 

pair of binoculars, and get down to 
your local astronomy society as well, 
because there's a wealth of knowledge 
and experience there. You can look at 
telescopes, look through telescopes, 
and you can talk to people about their 
experiences. And that kind of stuff is 
invaluable. In a year or two years’ time, if 
you've got your head around binoculars, 
then go off and treat yourself toa 
telescope as well. 

Do you think amateur astronomy is 
now more popular than ever? 

Yes, it is more popular, Imean 
astronomy societies have seen quite a 
surge in memberships since Stargazing 


Mark got hooked on astronomy after viewing 
Saturn through a telescope at the age of ten 












Live started, which is fantastic. I 

think amateur astronomy in the UK 

has always been very strong, but I 

think there has been an increase in 

the translation of people who've got a 
passing interest to doing something 
about it and actually joining societies 
and taking that extra step. And I like to 
think that Stargazing Live was the show 
that encouraged people to actually take 
that little step. 

What's your new book about? 

It’s kind of a fusion, to steal a word from 
cookery, between astrophysics and 
looking around the night sky. So what 
I've done is I've broken the book down 
into 12 chapters covering every month 
of the year. I pick a meaty astrophysics 
subject to talk about for the first section 
of each chapter, and then explain how 
to find your way around the sky that 
month in the next section. We all need 
something to hook information on to, so 
it's done with a hook to learn your way 
around the night sky. 

Finally, we hear that you're also a 
qualified pilot... 

Yes, Iam. 

So have you been tempted to try to fly 
one of these new space planes? 

It’s funny because I've been asked that 
question many times, would I like to 

go to space. And, yeah, I love flying, so I 
think I'd get a real kick out of just riding 
in a space plane. There would be nothing 
that would stop me doing that at all. 

A Down to Earth Guide to the Cosmos 
Mark's new book, 

A Down to Earth 
Guide to the Cosmos, 
is on sale now for 
£16.99 from www. 
transworldbooks. 
co.uk. You can read 
our review of it over 
on page 94 
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Telescope | 
advice 


Whether you're just starting 
out or looking to upgrade, are 
this month's telescopes worth 
your hard-earned cash? 





The SkyAlign technology features 
nearly 40,000 built-in celestial objects 


Celestron 
NexStar 4 SE 


Cost: £479/$499 
From: www.celestron.uk.com 
Type: Maksutov-Cassegrain 
Aperture: 102mm 
Focal Length: 1325mm 
Magnification: 241x 
Weighing in at a manageable 9.5 
kilograms (20 pounds), the Celestron 
NexStar 4 SE computerised telescope 
with its altazimuth mount is ideal for 
observing and imaging the cosmos. 
With a stylish design and a number of 
impressive features, you'll get a kick 
out of using this telescope for most 
types of astronomy. 

Of course, with great quality comes 
a high price, but if you're looking to 
upgrade from an existing telescope to 
something a little bit more powerful 
then the NexStar 4 is a great choice. 
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Included is a camera control feature 
that lets you take long exposures of 
the night sky using a DSLR camera. 
An internal flip mirror (for straight or 
90-degrees viewing) also ensures you 
will be comfortable while observing 
the night sky. 

Meanwhile, to track the stars 
and planets the NexStar 4 SE uses 
SkyAlign technology to make 
navigating the sky a breeze, with 
almost 40,000 celestial objects ready 
to be observed at the touch of a 
button. Setup will take around half 
an hour, and once it's going you'll get 
some great views. 

This telescope will excel in 
particular at observing planets and 
double stars, although it’s not so good 
with deep sky objects. That being said 
its small and compact design, coupled 
with a delicious orange finish, makes it 
both easy to grab and go while looking 
the part as well. @ 


Optics 


The high-quality Maksutov- 
Cassegrain optics will afford you 
some great views of the night sky. 


Coating 
This ‘scope 
uses Celestron's 
StarBright XLT 
coatings for 


enhanced visual 


observing and 


photography. , / 











The SkyAlign 
a». technology will 
ay leet 
nearly.40,000 
objects using the » 
+hand control. 


accessory tray 
to store your 
eyepieces while 
out observing. 


MCELESTAOS 





The NexStar 4 is 
especially good for 
shooting planets 
and double stars 
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® SkyScout 
This adjustable 
bracket can hold a 
SkyScout Personal 
Planetarium (sold 
separately). 





Controls ® 

Even a first-time 
astronomer 

will have no 
problem with the 
simple controls. 





Tripod ® 

It might not look 
all that but the 
tripod does a great 
job of keeping the 
telescope stable. 


‘ a Set 1g up of the 
Pape “ yScout Scope 90 


S quick and easy 
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Celestron 
SkyScout 
Scope 90 


Cost: £159/$235 

From: www.celestron.uk.com 

Type: Refractor 

Aperture: 90mm 

Focal Length: 660mm 
Magnification: 66x 

This beginners’ telescope is a fantastic 
Way to get started in astronomy. A 
quick no-tool setup, sturdy design and 
surprisingly good optics make this 
offering from Celestron the perfect 
choice for those looking to begin a 
hobby gazing at the stars. 

Simple but surprisingly accurate 
manual controls, along with a sturdy 
tripod and lightweight assembly, make 
this telescope not only a joy to use but 
also extremely portable. You'll have it 


This ‘scope is at its best when used with 







the SkyScout Personal Planetarium 


set up ready to observe the night sky 
in minutes. From planets like Jupiter to 
more distant bright objects, this ‘scope 
does an excellent job of producing 
crisp and clear views. 

The main draw of this telescope, 
though, is to use it with the fantastic 
SkyScout Personal Planetarium 
(£299/$450, reviewed in All About 
Space issue 2). This attaches to the 
telescope and narrates you through 
the night sky, taking the telescope 
towards objects. However, it will 
only point you roughly in the right 
direction; you'll have to hone in on the 
object yourself. 

That being said, the two work 
wonderfully well as a combo. For a 
cheap manual telescope, the SkyScout 
90 is great by itself, but to get the 
best out of it you might want to get 
the Personal Planetarium as well 
(which also comes recommended as a 
standalone product). @ 


93 





Astronomy 
kit reviews 


Must-have products for budding and 
experienced astronomers alike 





1 Binoculars: 

Imagic TGA WP 10x50 
Cost: £179/$287 
From: www.opticron.co.uk 
This excellent pair of waterproof 
binoculars from Opticron is the 
perfect companion for the discerning 
astronomer. The Imagic TGA WP 
10x50 porro prism binoculars look 
and feel fantastic, with some handy 
rubber moulds ensuring you'll be able 
to observe in comfort while peering 
at the night sky. The views you'll get 
through these binoculars are also 
superb; BAK4 prisms and fully multi- 
coated optics make observations 
clean and clear. A long eyerelief and 
retractable eyecup assembly only add 
to the style and comfort, and if that 
wasn't enough a tripod adaptor socket 
allows you to set the binoculars up 
on a tripod for more stable and steady 
views of the cosmos. An excellent 
product all round that will more than 
please any level of astronomer. @ 


94 


2 Book: 

A Down To Earth 

Guide To The Cosmos 
Cost: £17/$27 
From: www.transworldbooks.co.uk 
Penned by our featured interviewee 
this month (Stargazing Live's Mark 
Thompson, page 90), A Down To 
Earth Guide To The Cosmos is a 
fantastic book that's perfect for both 
those interested in the science of the 
stars and those looking to do some 
observing themselves. Inside, the book 
is split into 12 chapters, each covering 
a month of the year. The chapters are 
further sub-divided into sections on 
interesting astronomical objects and 
tips on what to observe that month. 
It's wonderfully written and accessible 
to astronomers of all ages and levels, 
so whether you want to find out more 
about the universe or you just want 
some advice on what to look out for, 
this brilliant book is definitely worth 
picking up. @ 





3 Soba: 

Sky Vatcher 

ty 76 

Cost: £35/$55 
From: www.sherwoods-photo.com 
Don't be fooled by the price or the look 
of the Infinity 76. Beneath the child- 
like exterior is a remarkably brilliant 
76mm (3in) Newtonian reflector that 
will pleasantly surprise you. It’s a 
compact telescope that is designed in 
such a way that children of all ages (or 
even adults) will find it accessible and 
engaging. The whole thing is bottom 
heavy and rotates on the included 
stand, while the x30 eyepiece is more 
than good enough to view the Moon, 
Jupiter and much more. To focus you 
simply twist the eyepiece, while the 
head of the ‘scope detaches to reveal 
the primary mirror inside. It’s the 
perfect product for some quick and 
simple observations, and thoroughly 
deserving of our Editor's Choice award 
this month @ 





4Tri : 
Colberron Vibration 
Suppression Pads 


Cost: £55/$65 

From: www.sherwoods-photo.com 

If you have ever had trouble with a 
shaky mount while trying to look 
through your telescope then you'll 
want to think about picking up these 
vibration suppression pads from 
Celestron. Their application is simple: 
just place the legs of the tripod on the 
pads, which themselves can be put 
on anything from wood to concrete 
to grass, and the pads will counteract 
any movement when you touch the 
‘scope to keep the whole assembly 
stable. They work well and will ensure 
that you can keep viewing the night 
sky with ease. Another application 
for them is to use them as a marker 
in your back garden for where to 
place your telescope if you've found a 
particularly good spot that you enjoy 
observing from. @ 
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£480! 


A CELESTRON NEXSTAR 
4 SE TELESCOPE! 


This fantastic computerised 
telescope is up for grabs this month 


The fine folks over at David Hinds Ltd (www.celestron. 
uk.com), who supply a wide range of telescopes and astronomy 
accessories, have kindly given us a fantastic Celestron NexStar 
4 SE telescope for this month's competition, winner of our 
Editor’s Choice award in our reviews on page 92. 

Featuring high-quality Maksutov-Cassegrain optics, 
the NexStar 4 SE is an ideal telescope for observing and 
photographing the wonders of space. With a total weight of 
9.5kg (20Ib) including the tripod, the ultra-portable NexStar 
4 SE features a precision optical system with a 1,325mm 
focal length and is the first Maksutov system to ever feature 
Celestron’s premium StarBright XLT coatings. 

The 4 SE includes a camera control feature that allows you 
to remotely take a series of timed exposures using your DSLR 
camera. The flip mirror control, straight-through photographic 
port and tripod featuring a built-in wedge help make short- 
exposure astrophotography a heavenly experience. 

The Celestron NexStar 4 SE has all the same features as 
Celestron’s most advanced computerised GoTo telescopes, 
including the revolutionary SkyAlign technology, a sky tour 
feature, a database of nearly 40,000 celestial objects and easy- 
to-use hand control. 




































To get your hands on this telescope, all you 
need to do is answer the following question: 


A. Independent Sky Survey 
B. Interesting Star Size 
C. International Space Station 


Enter online at: 
spaceanswers.com/competition | 


Visit the website for full terms and conditions 
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Telescope Shop 


57 Catherine Street 
Frome BA11 1DA 
01373 474763 


Telescopes, Binoculars, Accessories 


www.telescopeshop.co.uk 
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Carl Sagan 


From the largest stars to the smallest 
mote of dust, Carl Sagan helped 
popularise space like never before 


In an age when space exploration and 
science became more mainstream 
than ever, Carl Sagan was influential 
in making complex topics accessible 
to the masses. In fact, Sagan is widely 
remembered as one of the most 
famous astrophysicists of all time. 

Carl Edward Sagan was born 9 
November 1934 in Brooklyn, New 
York, USA. It was at the 1939 New 
York World's Fair where he first 
encountered science and astronomy. 
His imagination was captured by a 
time capsule containing memories 
of the Thirties that was buried for 
future generations to uncover, and 
this inspired him to create the Pioneer 
plaque and Voyager Golden Records, 
memories of Earth that would be 
sent far into the cosmos aboard their 
respective spacecraft. 

His interest in space led him to 
the University of Chicago, where he 
achieved a PhD in astronomy and 
astrophysics in 1960. Throughout 
the Fifties he worked as an adviser 
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to NASA, which included briefing 

the Apollo astronauts before their 
flights to the Moon and working on 
experiments for, among other probes, 
the Galileo and Voyager spacecraft. 

Some of his major scientific 
achievements occurred in the Sixties, 
Starting with his conclusion that Venus 
was a scorching world with a thick 
atmosphere, rather than a moderate 
Earth-like paradise. This theory was 
proved correct by Mariner 2 in 1962. 
He was also one of the first scientists 
to suggest that Saturn’s moon Titan 
might have liquids on its surface, and 
he helped study shifts in surface dust 
on Mars. Some of his most famous 
research concerned extraterrestrial life, 
which he was sure existed. 

For all his scientific research, 
however, it was through his television 
shows that he rose to fame. His 
most famous show was arguably 
the popular 13-part series Cosmos: 

A Personal Voyage, hosted and 
co-written by Sagan, which covered 





topics including the origins of life on 
Earth and our place in the universe. 
Having been broadcast in over 60 
countries and seen by more than half 
a billion people, it remains one of the 
most popular space-related television 
shows to date. 

As well as his television 
appearances he wrote a number 
of books including Pale Blue Dot: 

A Vision Of The Human Future In 
Space, which was inspired by the 
image of Earth taken by the Voyager 
1 spacecraft at Sagan's behest that 
showed the Earth as a “mote of dust 
suspended in a sunbeam.” 

Despite his widespread fame he 
stayed devoted to teaching, and 
remained as a Professor of Astronomy 
at Cornell University until his death on 
20 December 1996. Among his notable 
posthumous recognitions, the landing 
site for NASA's Mars Pathfinder 
spacecraft was renamed the Carl 
Sagan Memorial Station in July 1997, 
While ‘Sagan's number’ is a humorous 
tribute to his catchphrase “billions 
and billions” which denotes the huge 
number of stars in the universe. 
Forever remembered for making space 
accessible to everyone, it feels fitting 
to end on one of his awe-inspiring 
statements: “The total number of stars 
in the universe is larger than all the 
grains of sand on all the beaches of 
the planet Earth.” @ 
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Four Billion Years in 


the Making... 


Continents move. Glacial cycles come and go. Mountains form 
and erode. We live on a planet constantly in motion—except 

it's usually extremely slow motion. In the 48 exciting lectures 

of How the Earth Works, speed up the action and witness the 
entire history of our planet unfold in spectacular detail, learning 
what the Earth is made of, where it came from, and, above all, 
how it works. 


This unforgettable course is an astonishing journey through 
time and space. From the big bang to small geological forces, 
you explore the fascinating processes involved in our planet's 
daily life. You also discover insights into volcanoes, the rock 
cycle, tsunamis, the ocean seafloor, and other fascinating natural 
phenomena. An international innovator in seismology and 
geophysical education, award-winning Professor Michael E. 
Wysession provides you with a breathtaking, comprehensive 
picture of our remarkable home. 


0800 298 9796 


WWW.GREATCOURSES.CO.UK/4ABS 


How the Earth Works 


Taught by Professor Michael E. Wysession 
WASHINGTON UNIVERSITY IN ST. LOUIS 


LECTURE TITLES 
Geology's Impact on History 
Geologic History—Dating the Earth 
Earth's Structure—Journey to Earth's Centre 
Earth's Heat—Conduction and Convection 
The Basics of Plate Tectonics 
Making Matter—The Big Bang and Big Bangs 
Creating Earth—Recipe for a Planet 
The Rock Cycle—Matter in Motion 
Minerals—The Building Blocks of Rocks 
. Magma—tThe Building Mush of Rocks 
Crystallisation—The Rock Cycle Starts 
. Volcanoes—Lava and Ash 
. Folding—Bending Blocks, Flowing Rocks 
. Earthquakes—Examining Earth's Faults 
. Plate Tectonics—Why Continents Move 
. The Ocean Seafloor—Unseen Lands 
Rifts and Ridges—The Creation of Plates 
. Transform Faults—Tears of a Crust 
. Subduction Zones—Recycling Oceans 
. Continents Collide and Mountains Are Made 
21. Intraplate Volcanoes—Finding the Hot Spots 
22. Destruction from Volcanoes and Earthquakes 
23. Predicting Natural Disasters 
24. Anatomy of a Volcano—Mount St. Helens 
25. Anatomy of an Earthquake—Sumatra 
26. History of Plate Motions—Where and Why 
27. Assembling North America 
28. The Sun-Driven Hydrologic Cycle 
29. Water on Earth—The Blue Planet 
30. Earth's Atmosphere—Air and Weather 
31. Erosion—Weathering and Land Removal 
32. Jungles and Deserts—Feast or Famine 
33. Mass Wasting—Rocks Fall Downhill 
34. Streams—Shaping the Land 
35. Groundwater—The Invisible Reservoir 
36. Shorelines—Factories of Sedimentary Rocks 
37. Glaciers—The Power of Ice 
38. Planetary Wobbles and the Last Ice Age 
39. Long-Term Climate Change 
AO. Short-Term Climate Change 
41. Climate Change and Human History 
42. Plate Tectonics and Natural Resources 
43. Nonrenewable Energy Sources 
44, Renewable Energy Sources 
45. Humans—Dominating Geologic Change 
46. History of Life—Complexity and Diversity 
47. The Solar System—Earth’'s Neighbourhood 
48. The Lonely Planet—Fermi’s Paradox 
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How the Earth Works 
Course no. 1750 | 48 lectures (30 minutes/lecture) 


DVD £99.59—- NOW £44.99 


+£2.99 Postage and Packing 
Priority Code: 78621 


Designed to meet the demand for lifelong learning, 
The Great Courses is a highly popular series of 
audio and video lectures led by top professors 

and experts. Each of our more than 400 courses 
is an intellectually engaging experience that will 
change how you think about the world. Since 
1990, over 10 million courses have been sold. 


The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 INN. Terms and conditions 
apply. See www.greatcourses.co.uk for details. 
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Explore the 
universe 
using the 
latest 
technology 


114LCM 
Never has it been so simple to explore the heavens than with 


Celestron’s LCM Computerised Telescopes. All-glass fully-coated 
6 precision optics reveal astronomical subjects with stunning clarity and 

brightness. An onboard computer, with a database of over 4000 
objects, and hand control allows you to isolate and track subjects with 
motorised smoothness. 


For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at www.hama.co.uk/products/celestron 


